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CHAPTER I 
INTRODUCTION AND REVIEW OF LITERATURE 
Research involving the carbamates, esters of carbamic acid, is not 
new. Many carbamates have been under scrutiny by researchers for a 
number of years, using 2:.!! vivo and in vitro test systems. These 
statements are especially true of ethyl carbamate, also frequently 
referred to as urethan, urethaner ethyl urethan, and ethyl urethane. 
In the present study, the compound is referred to as ethyl carbamate 
(EC). The proliferation of studies, using carbama.tes as test chemicals, 
has probably stemmed from the early discovery that ethyl ca.I:p~mate was 
a carcinogenic agent in mice, specific for the production of lung 
tumors (Nettleship and Henshaw, 1943; Henshaw and Meyer, 1944; Henshaw 
and Meyer, 1945; Larsen and Heston, 1945; and Larsen, 1947~). Prior 
to the discovery of its carcinogenicity, ethyl carbamate was.used for 
many years as an anesthetic in man. 
Ethyl carbamate was found to be carcinogenic in other test animals. 
Its carcinogenicity was observed in rats, where it produced lung 
tumors and hepatomas (Jaffe, 1947; Guyer and Clause, 1947~). However, 
the studies of later researchers did not confirm the presence of 
hepatomas in rats. Melanotic tumors were observed in hamsters 
(Oberman, 1965). Tannebaum and Silvertone (1958) and Tannebaum and 
Maltoni (1962) concluded that ethyl carbamate was a multipotential 
carcinogen and could produce many types of tumor. 
2 
Because of the carcinogenic activity of ethyl carbamate, other 
esters were tested and found to be carcinogenic in mice, but none were 
as effective as ethyl carbamate (Larsen, 1947£)• A series of nitrogen-
alkylated derivatives of ethyl carbamate was tested. Some of these 
derivatives demonstrated tumor producing activity, but again these 
compo"Qnds were not as effective as ethyl carbamate (Larsen, 1948). 
In addition to exhibiting carcinogenic effects, ethyl carbamate 
has been reported to have a retarding effect on animal tumors (Haddow 
and Sexton, 1946; Huggins, et. al., 194~). < ··*,.,i I The 'compound has been 
tested as a'possible anti-neoplastic substance fo±'various kinds of 
leukemia (Patterson and Haded~, 1946; Goodman and Lewis, 1946; Dustin, 
1947; Kirshbaum and Lu, 1947; Creskoff, et. al., 1948; Watkins, et. al., 
1948; Hirschboeck, et. al., 1948; Berman and Axelrod, 1948; and Hogreffe 
and Pedersen, 1950). For treatment of leukemia, many other carbamates 
have been tested (Skipper and Bryan, 1948; and Skipper, et. al., 1948). 
Ethyl carbamate has been tested for its effects on mitotic activity 
and growth rates using in~ and i£: vitro test systems. In vivo 
studies have indicated that the compound causes either inhibition or 
retardation of mitosis in various tissues (Dustin, 1947; Hohl, 1947; 
Guyer and Clause, 1947~, £i Kirshbaum and Lu, 1947; Green and Lushbaugh, 
1949; and Wakonig-Vaartaja, 1964). In vitro studies have demonstrated 
that the compound causes inhibition of mitotic activity (Geiersbach, 
1939; Battaglia, 1949; and Driessens, 1952), retardation (Bastrup-
Madsen, 1949; and Patterson and Thompson, 1949), acceleration (Osgood, 
1948), acceleration and retardati:on (Bucher, 1949~, £; Lasnitzki, 1949; 
Morgans, (1968). 
The action of ethyl carbamate on the chromosomes has also been 
3 
tested on a number of biological systems, plants and animals. It was 
reported as the first chemical shown to produce structural chromosonal 
changes (Oehlkers, 1943). Oehlkers and Linnert (1949) tested the ef-
fects of ethyl carbamate along with potassium chloride, in plants, 
and found that it produced translocations in the meiotic chromosomes. 
Deufel (1951) demonstrated that treatment of Vicia faba root tips with 
ethyl carbamate-KCl mixtures caused breakage in the primary or second-
ary constriction region of the SAT.chromosome. The small chromosomes 
broke more frequently in the median region. Deufel (1952) found that 
ethyl carbamate produced chromosomal aberrations such as translocations 
between chromatids or half chromatids, a few between quarter chromatids, 
and between entire chromosomes. Koller (1954) found that ethyl carba-
mate produced more breaks in the M (median centromere) than the s· 
(subterminal centromere) chromosomes of Vicia and that it broke the M 
chromosomes preferentially at the secondary constriction. 
Ethyl carbamate has produced a variety of effects on the chromo-
somes of animal cells. Its effects were tested on the bone marrow of 
mice and it was fohnd to produce many abnormalities including bridging, 
clumping, and lagging (Rosin, 1951). Similar aberrations were report-
ed in ethyl carbamate-treated Walker rat carcinoma 256 (Green and 
Lushbaugh, 1949). Fragments and anaphase bridges in the mitotic cells 
of the Walker rat carcµioma were reported (Boyland and Koller, 1954). 
Fragmentation, aggregation and other structural abnormalities were 
noted by the action of ethyl carbamate on the chromosomes of the 
grasshopper, Peocilocera picta (Rao, 1961). Chromatid and isochromatid 
breaks were demonstrated in mouse embryonic lung cells and Chinese 
hamster cells in vitro (Pogosyants, et. al., 1968). According to the 
4 
author's knowledge and a survey of the literature, no studies have been 
reported on the action of ethyl carbamate on the chromosome number of 
any species. Further, no reports have indicated whether the effects 
of the compound are cumulative or noncumulative, and reversible or ir-
reversible. 
Another carbamate, 2-methoxyethyl carbamate, has been used in 
the·production of fabric finishing agents in industry. Research on 
this compound is relatively recent. Consequently, literature on the 
action of 2-methoxyethyl carbamate on biological systems(..!!! vivo or 
in vitro) is virtually non-existent. In the.present study the compound 
-
is called methox.yethyl carbamate or MEC. According to the author's 
knowledge, the only studies involving the compound have been conducted 
by its producer, Union Carbide Corporation (1967). In their studies, 
methoxyethyl carbamate and one of its derivatives, N, N-dimethylol-2-
methoxyethyl carbamate, were tested for their ability to cause cancers 
in mice by injection, From their studies, it was concluded that 
methoxyethyl carbamate and its derivative did not increase the suscept-
ibility to cancers in strains of animals which have a high incidence 
of the disease. It was further concluded that methoxyethyl carbamate 
should not cause cancer formation in humans. In the literature avail-
able to the author, no..!!! vitro studies on the action of methoxyethyl 
carbamate on the growth of cell populations and chromosomes have been 
reported. 
Since ethyl carbamate is a known and reliable carcinogenic chemi-
cal, and produces variable effects on growth and mitotic activity, and 
causes struct'UI'al modifications in chromosomes, it\would appear that 
its effects in vitro might possibly be used as a model for testing 
-
. ';=;' 
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other structurally related carbamates for parallel effects as probable 
carcinogens. 
In this investigation, the effects of ethyl carbamate and methoxy-
ethyl carbamate on the growth rates of cell ,populations and chromosomes 
of Chinese hamster fibroblasts, in vitro were studied and compared. 
-., 
Specific attempts were made to determine if the compounds exhibited a 
similarity or dissimilarity of effects on (a) growth rates of cell 
populations, (b) doubling time, (c) numberical and structural aberra-
tions of the chromosomes, and (d) changes in cell populations as being 
reversible-temporary or irreversible-permanent. 
CHAPTER II 
MATERIAIS AND METHODS 
Characteristics of the Cell Strain Used 
The Don strain of the Chinese hamster (Cricetulus griseus) lung 
was used in this study. Cru.tures of the strain were obtained from 
the Grand Island Biological Company, Grand Island, New York, hereafter 
referred to as GIBCO. 
The strain has been characterized as being diploid, fibroblast-
like, and of interest to investigators for use in virus, chromosome 
and autoradiograph studies. Also reported is the fact that these 
cells grow well in McCoy's 5a or Puck's N-16 medium, supplemented with 
10% calf serum. The strain was isolated in September, 1962, from a 
normal eight-month old male adult Chinese hamster by Hsu (no publica-
tion). The cells have been reported to have a modal chromosome number 
of 22, with a stable diploid karyotype and a generation time of about 
12 hours (American Type Culture Collection Repository, 1964). 
The male Chinese hamster karyotype is reported to include 20 
autosomes and two sex chromosomes. The autosomes include 14 metacen-
tr:;i.cs or submetacentrics and 6 subtelocentrics. The sex chromosomes 
include an X and a Y, both of which are reported as a medium-sized 
submetacentrics. The long arm of the X may show a weak secondary con-
striction at the distal third. The Y chromosome is cited as being 
morphologically unique (Hsu and Benirschke, 1967). 
L 
Establishment of Cultures 
Several stock cultures were established and maintained as mono-
layers in 250 ml disposable screw-neck Falcon plastic flasks. For 
experimental work, monolayers were established in either 30 ml dis-
posable screw-neck Falcon Plastic flasks or screw-cap culture tubes 
(GIBCO). All disposable plasticware (flasks and pipettes) used and 
subsequently mentioned was obtained from Fa1con Plastics, Division of 
Bioquest, Los Angeles, California. 
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Stock and control cultures were grown in McCoy's 5a medium 
(Microbiological Associates, Bethesda, Maryland, hereafter called MA.) · 
supplemented with lo% fetal calf serum (GIBCO). The medium contained 
an antibiotic mixture; potassium penicillin G (50 mg/1), streptomycin 
sulfate (50 mg/1) and neomycin (100 mg/1). All cultures were incubated 
at 37°c. 
Maintenance, Medtum Changes and Transfers 
The stock cultures were routi,nely replenished with fresh medium 
every two days. Transfers were made about every five days or when 
the stock cultures became confluent. 
For the transfer procedure, the g~owth medium was decanted and 
the cultures rinsed with Puck's Saline A (PSA) obtained from GIBCO. 
The saline solution was decanted and the cultures were treated with 
trypsin: ethylene-diamine-tetra-acetic acid (EDTA) (GIBCO), 0.05% and 
0.025% respectively, then reincubated for 5 minutes. After the 1·cells 
became detached from surfaces of the flasks, they were aspirated vigor-
ously with a sterile 10-ml serogical plastic pipette to break up cell 
clumps. The cell suspensions were transf~rred to 12 ml conical, 
screw-cap centrifuge tubes and centrifuged five minutes at 500 to 850 
rpm in an International Clinical Centrifuge, model CL (International 
Equipment Company, Needham Heights, Massachusetts). The supernatants 
were discarded and fresh growth medium was added to the cell buttons. 
The cells were resuspended with Pasteur pipettes. The suspensions 
were divided into halves or thirds, and pipetted into new flasks 
(250 ml). Excess cell suspensions were discarded. To each of the new 
flasks growth medium was added to adjust the volume to 10 ml. The 
cultures were gassed with air containing 5% co2 , capped, labeled and 
incubated. Gassing was a routine procedure used for the establishment 
of all initial cultures. A log of medium changes and transfers was 
maintained. 
To alleviate the possibility of contamination, all transfers and 
other procedures involving open cultures, for continued study, were 
done in a sterile hood. The hood was equipped with a U-V germicidal 
lamp which was left on continuously when cultures were not being 
changed, seeded or transferred. The hood was cleansed with 7Cf'/o iso-
propyl alcohol prior to .being used as an added precaution against con-
tamination. 
In order to facilitate pipetting, when work was done in the hood, 
pieces of rubber tubing were attached to the pipettes. 
Cleaning and Preparation of All Non-disposable Culture Materials 
Extreme care was taken in the cleaning and preparation of all 
materials, other than the disposable plasticware, for usage in the 
culture procedures. Immediately after usage, all glassware was soaked 
8 
and stored in plastic buckets containing a 0.5% aqueous solution of 
Microsolve tissue culture detergent (MA). Bottle caps, rubber police-
9 
men, syringes, Swinney filter holders and silicone stoppers were rinsed 
and stored in containers of deionized water. 
The procedure for the washing of glassware, in the order of 
occurrence, included: scrubbing in a warm Oa5% Microsolve solution, 
rinsing three times in hot running tap water, rinsing in two changes 
of deionized tap water and rinsing in two changes of 2X deionized, 
glass-distilled water. The other materials were usually boiled in 
deionized water for one to two hours, then taken through the water 
rinses mentioned above. 
0 The glassware was dried in an oven at 250 F, for one to two hours, 
cooled and wrapped either in double layers of aluminum foil or in 
sterilizing bags. The other materials were air-dried before being 
wrapped. All materials were autoclaved 20 minutes at 121°0 and 18 psi. 
Harvesting Cultures for Seedings and Cell Counts 
The harvesting procedure for stock cultures used in seeding 
experimental flasks or tubes and for -making counts of-cell populations 
from terminal cultures were the same. Harvesting, in these cases, was 
similar to the transfer procedure previously mentioned. In this pro-
cedure, cells were resuspended in Hanks' Balanced Salt Solution (HBSS) 
purchased from GIBCO. Once the suspension appeared to be evenly dis-
·~~:~ 
persed and free of clumps, a 0.2 ml sample was withdrawn using a ~ 
sterile 1-rnl plastic pipette. The sample was added to a vial contain-
ing 19.8 ml of a filtered 0.9% NaCl solution (counting fluid). 
All counting solutions (0.9% NaCl) were filtered through a Milli-
10 
pore filter (0.45µ.) and stored in 500-ml bottle,s. The filters were 
obtained from Millipore Corporation, Bedford, Massachusetts, hereafter 
called (MC). For dispensing the solutions into the vials a 10-ml 
Cornwall auto pipette (A. H. Thomas Company, Philadelphia, Pennsyl-
vania) was used. The vials were filled with 20 ml of the counting 
fluid and 0.2 ml was removed to achieve a final volume of 19.,8 ml. 
The above mixture (cells suspended in the counting fluid) was 
aspirated 5 - 10 times and counted with a model B Coulter Counter 
(Coulter Electronics, Hileah, Florida). Five co'Wlts of the suspended 
.sample were made and averaged. Five similar counts, using 19.8 ml of 
the counting fluid (without suspended cells), were made and averaged 
to give a background count. The average background count was deducted 
from the average cell count. The remainder was multiplied by the 
dilution factor. The product gave an estimate of the number of cells 
per ml. The number per ml was multiplied by the total volume of the 
suspension from which the sample was taken. The product provided an 
estimate of the number of cells per total volume of the suspension. 
The above techniques for harvesting and making cell counts were rou-
tinely used throughout the study when cell populations were enumerated 
with the Coulter Counter. 
Based on the aforementioned estimates, cell suspensions of equal 
volumes were seeded into their respective culture vessels. These 
estimates were also used for terminal cultures in enumerating the 
number of cells in a population. 
Preparations of Stock Solutions of the Compounds 
A 10% (w/v) stock solution of each of the two test compounds, 
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ethyl carbamate (Nutritional Biochemicals Corporation, Cleveland, 
Ohio) and methoxyethyl carbamate (Union Carbide Corporation, New York, 
New York) was prepared by dissolving the compounds directly in McCoy's 
5a med~um. Both compounds dissolved readily in the medium. The pH of 
each solution was adjusted to 7.0 with lN HCl or .1N NaOH. Each of the 
solutions was sterili~ed by passage through a sterile 0.45µ Swinney 
filter (MC). The two stock solutions were stored in a refrigerator at 
about 4-6°c until they were used. Fresh stock solutions were prepared 
about every two weeks in an effort to avoid the possibility of chemical 
degradation due to long-term storage in solution. 
In preparing the various concentration,levels to be tested, 
measured volumes of each of the stock solutions were added to growth 
media containing lo% fetal calf serum to produce the desired final 
volumes and concentrations. 
Growth Rate Studies 
To establish the effects of the two compounds on the growth of 
Chinese hamster fibroblasts and to select concentrations for further 
study, several experiments were conducted. The design of these experi-
ments was a modification of a procedure used by the Cancer Chemotherapy 
National Service Center (196.2) • 
In each experiment, is flasks (30 ml) were seeded with equal 
volumes of a cell suspension to establish cultures. The cultures 
were incubated 18-24 hou 1~2 to allow the suspended cells to settle 
and attach to the surfaces of the flasks. Six cultures were selected 
at random, harvested, and counted. An average of the number of cells 
in the six flasks was used as a baseline (number of cells at O time). 
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From the average an assumption was made that each of remaining cultures 
(uncounted) contained, on the average, the same number of cells. 
The remaining cultures (12) were divided into four groups, with 
each group containing three cultures, i.e., one control culture and 
two experimentals. The growth medium from these cultures was decanted 
and replaced. The controls, 4 cultures, were treated with growth 
medium without either of the compounds. The four groups of experi-
mental cultures were treated with growth media containing 30, 300, 
3000 and 30,000 ·µg/ml of one of the compounds respectively. The 
cultures were incubated for 72 hours. 
The cultures were then harvested and the cell populations were 
counted. For each concentration level the numbers of cells in the two 
cultures were averaged. The numbers of cells in the four control cul-
tures were also averaged. 
To determine the effect of the different concentrations of the 
test compounds on the growth rate of the cultures the following formula 
was used: 
T - Treated 
; Y (Growth Ratio), or Untreated Control c -
The mean of the experimental cultures (T) for each dilution (dose) 
minus the mean of the baseline (Co) divided by the mean of the control 
(C) cultu,res minus (Co) gave the growth ratio (Y) at each dose level. 
The growth ratio for the control (1.0) was taken as a constant 
or 1o(J%. A growth ratio that exceeded 1.0 was taken as an accelerated 
growth rate. A growth ratio that was less than 1.0 indicated retarda-
tion or a decreased growth rate. A negative growth ratio coupled with 
microscopic observations indicated that the effects of a treatment 
were lethal or partially lethal. When a negative growth ratio was 
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obtained, the percentage of lethality was calculated. To calculate 
the percentage of lethality for a dosage level, the baseline number of 
cells (time 0) was divided into the mean number of cells at 72 hours. 
The remainder was then multiplied by 100 to give the percentage of 
lethality. 
This experiment was done four times using ethyl carbamate and 
three times for methoxyethyl carbamate at the dosage levels indicated 
above. Similar studies (one for each compound) were done with the two 
compounds at concentrations of 6000,9000,12,000 and 15,000 µ,g/ml. 
Secondary to the enumeration of cells in each of the cultures 
at 72 hours for -effects on growth, all treated cultures were observed 
microscopically and compared with the controls. Observations were made 
on attachment of cells to the surfaces of the flasks, cell morphology 
and state of conflu.ency. The pH of the media for all cultures was 
also noted and determined by changes in the color of the phenol red 
indicator (pH range 6.4 - 8.4). If the indicator retained its original 
color (red) or became slightly purple (alkaline), the concentration 
level was considered inhibitory or lethal. Changes of color to orange 
I . 
or yellowish indicated retardation and no prohibition of normal metabo-
lism respectively when compared1 with controls. A change of the indica-
tor from red to yellow was taken as a normal event, or as meaning that 
in media with or without a test compound nothing prevented the normal 
change of color due to acid production. These secondary observations 
were modifications of a procedure described by Toplin (1959). 
Based on the results of the studies mentioned above, two concen-
trations (300 and' 3000 µ,gVml) for each of the compounds were selected 
for further study. 
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Doubling Time Experiments 
Two experiments were done to establish and compare the effects of 
the two selected concentrations (300 and 3000 ~/ml) of each test com-
pound on the doubling time of cell populations. In each experiment, 
the same concentration levels of the compounds were used. Culture 
tubes instead of the 30-ml plastic flasks were used in these experi-
ments. The tubes were found easier for handling purposes and eliminat-
ed the need to transfer cell suspensions from flasks to centrifuge 
tubes for centrifugations. All centrifugations were done in the cul-
ture tubes. 
In each experiment, 30 tube cultures were established in the 
usual manner and incubated 18-24 hours at 10° angle on a tissue culture 
rack (MA). Six cultures, selected at rand.om, were harvested and counts 
of the cell populations were made. The average number of cells in the 
six cultures was used as a baseline (number of cells at time 0). The 
24 remaining cultures were treated with growth medium or media contain-
ing the compounds, i.e., ethyl carbamate or methoxyethyl carbamate at 
300 µ.g/ml. These cultures constituted 3 groups, one control and two 
experimental, with 8 tubes in each. Two tubes from each group were 
harvested and counted at 12, 24, 36, and 48 hours after treatment was 
initiated. Cell counts obtained on each of the duplicate cultures, for 
a sample period, were averaged. The average number of cells for each 
duplicate per sample period was plotted on semilog paper (cell number 
vs. time). The points of the respective plots were connected to pro-
duce growth curves. 
To establish doubling times from each of the growth curves (con-
trol and experimentals) lines representing multiples (powers of 2) of 
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the baseline number of cells were constructed horizontally on the 
graphs. Doubling times were extrapolated by measuring the time 
(abscissa) for the cell number to double (ordinant) as each curve 
transected the horizontal lines. Averages of the individual doubling 
times for each concentration and control were calculated. 
Chromosome Experiments 
In order to establish and compare the effects of the selected 
concentrations (300 and 3000 µg/ml) of the two compounds on the chromo-
somes of Chinese hamster fibroblasts, 25 cultures were established in 
plastic flasks (30 ml). The cultures were incubated 24 hours to allow 
the cells to settle and attach to the surfaces of the ve.ssels. At the 
end of the 24-hour period, the cultures were randomly selected and 
divided into two groups; controls and experimentals. Five cultures 
were used as controls, after decantation of the 24-hour growth medium, 
and replenished with fresh growth medium. The experimentals contained 
5 cultures for each of the concentration levels and were treated with 
media containing their respective compounds. All cultures were re-
incubated. Two hours prior to the harvesting, all cultures were 
treated with 0.2 µ,g/ml colcemid (GIBCO). At 6, 12, 24, 48, and 72 
hours after treatment was begun, one culture per treatment (control 
and experimental) was harvested and used to prepare slides of meta-
phase spreads for study. Five slides were made from each culture per 
sampling period. All cultures that were harvested at 72 hours received 
changes of their respective media at 48 hours. 
The harvesting procedure for preparing metaphase spreads was as 
follows. The used growth media and the PSA rinses were decanted into 
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prelabeled 10-ml screw-cap centrifuge tubes. The cultures were treated 
with trypsin-EDTA and the suspensions were added to their respective 
centrifuge tubes. The tubes were centrifuged (as previously described) 
and the supernatants were discarded. To the cell pellets, a HBSS-
distilled water (1:3) solution was added and the cells were resuspended. 
The suspended cells were heated 10 minutes in a 37°c water bath and 
recentrifuged. The supernatants were discarded. A 1:3 fixative 
(acetic acid to absolute methanol) was added gently to each tube and 
allowed to remain undisturbed for 30 minutes. The fixative was dis-
carded, the cells were resuspended and centrifuged again. The latter 
procedure was repeated at least two times or until the suspensions be-
came cloudy and less flocculent. With the aid of a Pasteur pipette, 
5-6 drops of the suspensions were added to each of the five slides per 
treatment per sampling period. Prior to use, the slides were pre-
cleaned in a dichromate solution, washed in running water, and rinsed 
in 95% ethanol. The slides were drained briefly and stored in 2r:f/o 
ethanol (in a refrigerator) at 4-6°Co The above procedure, for the 
preparation of chromosome slides, was a modification of techniques 
used by: Tjio and Levan (1956); Rothfels and Siminovitch (1958); L. 
Higgins, Biochemistry Department, Oklahoma State University, Stillwater, 
Oklahoma and c. Lovig, Oklahoma Medical Research Foundation, Oklahoma 
City, Oklahoma (personal communications). 
The cells were stained with Giemsa (Hartman-Leddon Company, 
Philadelphia, Pennsylvania) for 10 minutes, rinsed with two changes 
of distilled water, and air-dried. The complete stain was prepared 
and buffered at 6.4 (Priest, 1969). Coverslips were mounted on the 
slides with Permount. 
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Ten cells with well-spread metaphase chromosomes were randomly 
selected under low magnification (lOOX) using a Zeiss Research Micro-
scope, equipped with a 35mm camera. For each treatment and sampling 
period a total of 50 cells were studied. The chromosomes were scored 
under the oil immersion objective (lOOOX). The metaphase cells were 
studied for numerical and structural aberrations in chromosomes. 
Particular emphasis was placed on chromosome number, number of cells 
with breaks, number of breaks, types of breaks and kinds of chromo-
somes in which the breaks occurred. The following notations were used 
to denote types of chromosomes and kinds of breaks: LM (long-medium 
sized metacentrics or submetacentrics), AGRO (acrocentrics or sub-
telocentrics), SM (short metacentrics), CHR (chromatid breaks) and 
ISO (isochromatid breaks). Metaphase chromosomes that demonstrated 
a clear discontinuity in structure were recorded as having breaks. 
Chromosomes with faintly-stained regions were considered as having 
gaps but were not recorded. 
Photographs of the metaphase chromosomes were made with the micro-
scope and camera described above. All photographs were taken with 
Panatomic-X film (Eastman Kodak Company, Rochester, New York), process-
ed in Kodak Microdol (1:3), and printed on Kodak Polycontrast F paper. 
Reversible-Temporary or Irreversible-Permanent Effects 
In an effort to ascertain whether or not the effects of the two 
compounds were reversible-temporary or irreversible-permanent, one 
concentration (300 µg/ml) for each compound was selected for study. 
Cells were exposed to medium containing ethyl carbamate or methoxy-
ethyl carbamate for 36 hours (treatment period I) and cells treated 
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similarly were returned to culture in normal (control) medium for an 
additional 36-hour period (treatment period II). 
In the design of this experiment 12 cultures were established in 
growth medium and incubated for 24 hours. At the end of 24 hours, 
the cultures were randomly selected and divided into 3 groups, one 
control and two experimentals. Each group contained four cultures. 
The 24-hour medium was decanted. The control cultures were treated 
with normal growth medium and each of the experimental groups was 
treated with medium containing ethyl carbamate or methoxyethyl carba-
mate, respectively. The cultures were reincubated for 36 hours follow-
. ing the onset of the treatment with or without the compounds. Two 
hours prior to harvesting, two cultures from eac:h of the 3 groups 
were treated with 0.2 µg/ml colcemid. At the end of 36 hours, the 
two cultures from each group, previously treated with colcemid, were· 
harvested and used to prepare slides for chromosome studies (4 slides/ 
culture). The two cultures per group represented duplicates of the 
same treatment. All slides prepared during this investigation were 
made and stained in the same manner as described previously. 
The respective media were decanted from the remaining six cultures 
(2 per group) and each culture was rinsed briefly twice with equal 
volumes of pre-warmed HBSS. To these cultures normal growth medium 
was added. The cultures were reincubated for an additional 36 hours 
following the treatment with their respective media. Two hours prior 
to harvesting, these cultures were treated with 0.2 µg/ml colcemid. 
At the end of the incubation per~d, the cultures were harvested. 
,, 
Slides (4 per culture) were prepared and stained as above. 
From each culture at a sample period, two of the four slides were 
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selected randomly and well-spread metaphase cells were studied. Twenty-
five cells were studied per slide. Therefore, a total of 50 metaphase 
cells were studied from each treatment and sample period. For each 
~et of duplicate cultures, 100 cells were observed. The data recorded 
in this experiment, with reference to chromosomes, were the same as 
indicated in the previously mentioned study of chromosomes. 
For growth measurements in this experiment, metaphase indices 
were used. Each metaphase index provided a ratio of the dividing cells 
(metaphases) to non-dividing cells per thousand. To obtain these data, 
the same four slides (per culture) from the above chromosome studies 
were used. From each slide 250 cells were randomly counted using 
high-dry optics to give a total of 1000 cells. The cells were scored 
as metaphases or non-metaphases. 
For analyses, in this experiment, comparisons were made between 
chromosome data and metaphase indices within the two sample periods 
for each treatment. Comparisons were also made between chromosome data 
between sample periods 1 (first 36 hours) and 2 (second 36 hours). No 
comparisons of the metaphase indices were made between the two sample 
periods. 
Statistical Analyses 
Chi-Square (x2) Test: 
For experiments in which chromosome numbers and number of cells 
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with breaks were studied, the Chi-square (X) test was usually employed, 
except in one case. This exception is discussed under a subsequent 
heading, analysis of variance. 2 For X analyses of the chromosome 
number data, the metaphase cells were distributed into 5 classes or 
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groups. The groupings followed a modification of a classification used 
by Ford and Yerganian (1958). The five groups of metaphases were: 
I, less than "diploid" ( <20 chromosomes); II, approximately "diploid" 
(20-25 chromosomes); III, less than "triploid and tetraploid" (26-29 
chromosomes); IV, "triploid and tetraploid" (30-50 chromosomes); and 
V, more than "tetraploid" (i>50 chromosomes). 
2 In the computation of each X value, the distribution of the 
chromosome numbers of the control, for a sample period, was used as 
the expected distribution. The distribution of chromosome numbers 
for each of the experimentals was used as the observed distribution 
and tested against its respective control. With 5 classes or groups 
4 (n-1) degrees of freedom were used. 
For analyses involving data on the number of cells with breaks, 
two classes or groups were established. The groupings were: the 
number of cells with breaks and the number of cells without breaks. 
For the two classes, one (n-1) degree of freedom was used. Similar to 
the above procedure, the number of control cells with and without 
breaks were used as the expected distributions. The number of experi-
mental cells with and without breaks were used as the observed distri-
butions and tested against the untreated control distribution for a 
given sample period. 
For the computations of the data on number and breakage, the null 
hypothesis of no difference between treatments (controls vs. experi-
ments) was assumed. The significance level chosen was P=0.050. 
Analysis of Variance, F-test, and Least Significant Differences: 
Analysis of variance was used to analyze the data from the growth 
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rate experiments for each compound. The growth ratio data from the 4 
experiments (A, B, C and D) involving ethyl carbamate were pooled and 
analyzed by this method. The three experiments (E, F and G) for 
methoxyethyl carbamate were analyzed similarly. In both sets of ex-
periments, F-tests were done to test the null hypothesis of no differ-
ences of effects between the various concentration levels of the com-
pounds. 
To test for differences between the means of the growth ratios 
for each dosage level, the least significant difference (LSD) method 
was employed. In other words if the difference between a pair of means 
was greater than the calculated LSD value, the effects of the concen-
trations on the growth rate of the cultured cells were statistically 
significant. 
For statistical treatment of the experimental data on doubling 
time, analysis of variance, F-test and LSD were used. 
For the experiment in which ethyl carbamate and methoxyethyl 
carbamate (300 µg/ml) were tested and compared with reference to 
effects classified as reversible-temporary or irreversible-permanent, 
data on chromosome breakage were analyzed by analysis of variance. In 
the same experiment, growth rate data as assessed by metaphase indices 
were also analyzed by this procedure. Chromosome numbers for this 
experiment were analyzed from pooled sampled (duplicates of the same 
treatment per sample period) by the statistical test above cx2). 
To compare the effects of the compounds on chromosome breakage 
within treatment period I ,(36 hours of exposure to the compounds), 
the hypothesis (Ho: ·µc=µE=µM) was tested by an F-test. The symbols 
It, it, and ~ represent the means of the controls, ethyl carbamate 
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and methoxyethyl carbamate, respectively. The same hypothesis and test 
were used to test the effects of the compounds on chromosome breakage 
after cells similarly treated were returned to normal medium for an 
additional 36 hours (treatment period II). The analysis of variance 
and F-test, in these two cases, were used to compare differences 
between treatments at a fixed time. 
Analysis of variance and F-tests were used to compare times 
(treatment periods) for a fixed treatment. In other words each treat~ 
ment was tested against itself between the two periods (I and II)e 
The hypotheses tested were: Ho: ~L=µ,0II, ~I=~II and ~I=.~II for 
controls, ethyl carbamate and methoxyethyl carbatate, respectively. 
The data on metaphase ind.ices were analyzed by analysis of 
variance and F-tests. Only differences between treatments at a fixed 
time were calculated. 
t - Tests: 
To test for significance between treatment means within and 
between the two sample periods, from breakage data, the t- test was 
used. For data on metaphase index, the t - test was used only to 
test for significance of the effects within the two sample periods. 
In all cases in which F and t - test were used, P = 0.050 was 
chosen as the· significance level. 
CHAPTER III 
RESULTS 
Growth Rate Experiments 
In order to ascertain and compare the effects of ethyl carbamate 
and methoxyethyl carbamate and to select concentrations of these com-
pounds for further studies, several experiments were conducted. In 
these initial experiments, c.hinese hamster fibroblasts were exposed 
for 72 hours to media containing O, 30, 300, 3000, and 30,000 µg/ml 
for each of the compounds. Four separate experiments (A, B, C and D) 
using these dosage levels of ethyl carbamate were conducted and three 
experiments (E, F and G) for methoxyethyl carbamate. The results of 
each experiment, at each dosage level were expressed a$ growth ratios. 
The ratios for experiments with ethyl carbamate a.re shown in Table I. 
As shown in Table I, and based on the averages of the 4 experi-
ments, concentrations of 30 and 300 ~/ml demonstrated growth ratios 
of 1.24 and 1.10, respectively. The results indicated stimulatory 
effects. The growth ratio for 30 µ.g'ml was statistically significant, 
but not significant f'or 300 µ.g/ml. At concentrations of' 3000 and 
30,000 µ.g/ml the averages of the ratios were 0.92 and -0.06 respective-
ly. Although treatment with ethyl carbamate at 3000 µ.g/ml was not 
statistically different from the control, this concentration showed a 
trend of slight retardation of' cell growth. Statistical signif'icance 
was shown for 30,000 µ.g/ml and this level was considered lethal. 
TABLE I 
EFFECTS OF A 72-HOUR EXPOSURE TO ETHYL CARBAMATE ON THE 
GROWTH RATE OF CHINESE HAMSTER FIBROBIASTS 
Concentratiom Growth Ratios for Experiments 
'(µg/ml) A B c D MEAN 
0 1.0000 1.0000 1.0000 1.0000 1.00 
30 1.3152 1.3487 1.1661 1.1395 1.24 
300 1.0066 1.3965 0.7892 1.1888 1.10 
3000 0.9860 1.0368 0.9410 0.7016 0.92 
30000 -0.0521 -0.0583 -0.0676' -0.0528 -q;n6 
.t.~'- :!_!,,, 
S.E. 
o.oo 
0.05 
0.13 
0.07 
0.01 
Note: The five digits for the growth ratios are not significant but 
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were used in the computation of the means and standard errors. 
Analysia,of variance and an F-test based on these data showed that 
highly significant statistical differences existed between the various 
dosages (Table II). Analysis by the LSD procedure revealed that the 
growth ratios for concentrations of 30 and 30,000 µ.g/ml were statisti-
cally different from the controls. No statistical difference existed 
between the growth ratios of 30 and 300 µ.g/ml, but there were statis-
tical differences between the growth ratios for 30, 3000 and 30,000 
µ.g/ml. No statistical difference existed between the growth ratios 
for 300 and 3000 µ,g/ml. 
Microscopic observations, at the end of 72 hours, revealed that 
cells treated with media containing ethyl carbamate in concentrations 
of o, 30, 300 and 3000 µ. g/ml were firmly attached to the surfaces of 
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their respective flasks and forming sheet-like monolayers. The cells 
were flattened and showed clear detail. The indicator in the media 
for the above concentrations, in most experiments, had a yellowish 
color. Cells which were exposed to 30,000 µ.g/ml of the compound 
showed a loss of adherence to· the flasks. The few cells which remained 
attached were rounded, highly granular and cytolytic. These cells were 
considered deceased. The medium in which the latter cells were cul-
tured contained a great deal of debris. The pH of these cultures 
remained basically the same as upon initial inoculation or appeared 
slightly alkaline. 
TABLE II 
ANALYSIS OF VARIANCE FOR EXPERIMENTS A, B, C AND D 
Source of Variation df SS MS Fcal 
Total 19 3.7722 
Between Treatments 4 3.4722 0.8680 43.4 (Concentrations in 
Experiments A,B,C 
and D) 
Within Treatments 15 0.3000 0.0200 
(Concentrations in 
Experiments A ,B ,c 
and D) 
F tab.05(4,l5)= 2.58 LSD = 0.2131 
The growth ratios at the various concentrations of methoxyethyl 
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carbamate are shown in Table III. The averages of the growth ratios 
for methoxyethyl carbamate in an increasing level of concentration were 
1.41, 1.36, 2.36 and -0.21, respectively. According to the data pre-
sented in the table, methoxyethyl carbamate in dosages of 30, 300 and 
3000 µg/ml showed statistically significant stimulatory effects when 
compared with the control, while 30,000 µg/ml demonstrated statisti-
cally significant effects which were considered lethal. The statisti-
cal significance of these effects were computed by analysis of variance, 
F-test and lSD procedures (Table IV). The lSD method for comparison 
of the difference between the growth ratios at 30 and 300 ;~/ml showed 
no significant difference between these two drug levels. Although 
these two drug levels were not statistically different from each other, 
both were statistically different from all other comparisons of the 
mean growth ratio. 
TABIE III 
EFFECTS OF A 72-HOUR EXPOSURE TO METHOXYETHYL CARBAMATE ON 
THE GROWTH RATE OF CHINESE HAMSTER FIBROBLASTS 
Concentrations Growth Ratios for Experiments 
( µg/ml) A B c MEAN 
0 1.0000 1.0000 1.0000 1.00 
30 1. 5056 1.4082 1.3271 1.41 
300 1.3078 1.3930 1.3766 1.36 
3000 2.2829 2.4035 2.2935 2.36 
30000 -0.2435 -0.1078 -0.2$95 -0.21 
S.E. 
o.oo 
0.05 
0.03 
0.03 
0.05 
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TABLE IV 
ANALYSIS OF VARIANCE FOR EXPERIMENTS E, F AND G 
Source of Variation df SS MS F 
cal 
Total 14 10.4074 
.'-}Betw,een. Tree:~ment s 4 10.3627 2.5906 588.77 (Conc'entratii:ms in 
Experim~nts E, F 
and G) · 
Within Treatments 10 0.0447 0.0044 
( Concentrations in 
Experiments E, F 
and G) 
F tab 005 (4 ,lo)= 3.48 LSD ""0.1152 
All of the cultures in these experiments were also observed mic-
roscopically at the end of 72 hours. Cell cultures treated with or 
without media containing methoxyethyl carbamate in concentrations of 
o, 30, 300, and 3000 µg/ml showed cells firmly attached and formed 
sheet-like monolayers. These cells showed clear cellular detail and 
were flattened. The pH of these cultures, on the average, was indica-
tive of active metabolism and showed a yellowish tinge. Cell cultures 
exposed to methoxyethyl carbamate at 30,000 µg/ml showed microscopic 
and pH characteristics as previously described for ethyl carbamate at 
this dosage level. 
For comparative purpo~es, the averages of the growth ratios for 
the 4 experiments using ethyl carbamate and the 3 experiments with 
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methoxyethyl carbamate are graphically illustrated in Figure 1. Also 
shown in the figure, by lines parallel to the Y axis, are standard 
errors of the growth ratios from the experiments per dosage level. As 
shown in the figure, methoxyethyl carbamate was a more effective stimu-
lator of growth than was ethyl carbamate. Both compounds showed stimu-
latory effects at 30 and 300 µg/ml. At 3000 µ,g/ml the effects of the 
two compounds differed; ethyl carbamate tended to show a trend towards 
retardation, while methoxyethyl carbamate induced an acceleration of 
growth. Both of these compounds at 30,000 µg/ml were lethal. 
In an effort to establish the effects of dosages between 3000 and 
30,000 µg/ml for both of the test compounds, concentrations of 6000, 
9000, 12,000 and 15,000 µg/ml were tested in two different experiments 
(one for each compound). Experiment H was designated for ethyl carba-
mate and Experiment I was assigned to testing the effects of methoxy~ 
ethyl carbamate. 
For comparisons of the results, the growth ratios for the two 
experiments are plotted and shown in Figure 2. Based on the results 
illustrated in the figure, ethyl carbamate showed an increasing trend 
of retardation of cell growth at concentrations of 6000 and 9000 
µg/ml when compared with the control. The growth ratios for· these 
two concentrations were O. 79 and 0.40, respectively. Concentration 
levels of 12,000 and 15,000 µg/ml, for the compound, showed a pattern 
of increasing lethality with growth ratios of -0.02 and -0.08, respect-
ively. Ethyl carbamate at 12,000 µg/ml showed 15.88% lethality with 
49-78% lethality at 15,000 µg/ml. 
Microscopic observations of the cultures in Experiment H revealed 
that cells treated with media with or without ethyl carbamate in 
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dosages of O and 6000 µ. g/m 1 were firmly attached to their respective 
flasks and formed a confluent to near-confluent monolayer. Cells 
were flattened and showed clear detail. The respective media were 
yellow in color indicating that active proliferation of cells occurred. 
Cells exposed to media containing 9000 µ,g/m 1 showed mostly flattened 
and healthy cells. However, some of the observed cells showed granula-
tion. The cells exposed to this concentration were less numerous as 
compared to the controls. The color of the medium was a yellowish-
orange. Cells exposed to ethyl carbamate at 12,000 µg/ml were mostly 
flattened, but sparse. Some cells in these cultures were rounded with 
granulation and had become detached from the surfaces of the cultures. 
The color of the medium was a reddish-orange. At 15,000 µg/m 1 poor 
growth was evident from microscopic observations. Many rounded cells 
with a loss of detail were observed. The medium contained a number of 
floating cells and ceilular debris. The color of the medium appeared 
to retain its original color which indicated some interference with 
normal acid production and metabolism was evident. 
The results of Experiment I, as shown in Figure 2, revealed that 
methoxyethyl carbamate showed a direct proportional relationship with 
cell growth. As the concentration of the compound increased retarda-
tion of cell growth increased. The growth ratios for the compound 
were 0.44, 0.20, 0.05, 0.02 for dosages of 6000, 9000, 12,000 and 
15,000 µg/ml, respectively. Although these dosages levels showed 
retardation effects none were considered lethal. 
Microscopic observations of the cultures at the end of 72 hours 
for this experiment revealed that cells treated with media with or 
without methoxyethyl carbamate in dosages of O and 6000 µ,g/ml, were 
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firmly attached to their respective flasks. The cells formed a con-
fluent and near-confluent monolayer for these two treatments respect-
ively. The cells were flattened and showed clear detail. At 9000 
µ,g/ml, cell density was sparse when compared to controls, but cells 
were flattened and appeared healthy. At a concentration of 12,000 
µ,g/ml methoxyethyl carbamate most cells, again, were flattened, well 
attached, but less numerous when compared with control cultures. The 
medium in which these cells were cultured did, however, contain some 
floating cells. At 15,000 µ.g/m 1, cell density was very sparse. 
Some cells appeared well attached and healthy, while others appeared 
to have become detached from the surfaces of the flasks and floated in 
the medium. Some rounded and granular cells were also observed. The 
pH (as determined by changes in the color of phenol red) ranged from 
yellow to pinkish-orange. Control and medium containing methoxyethyl 
carbamate at 6000 µ.g/m 1 appeared yellow. Colors of orange to pink-
ish-orange were observed for media containing 9000, 12,000 and 15,000 
µ,g/ml, respectively. 
Based on the results of both of these groups of experiments (A, 
B, C, D and H) for ethyl carbamate and (E, F, G and I) for methoxyethyl 
carbamate, the author selected the concentration levels of 300 and 
3000 JJ,g/m 1 for both compounds to be used in further studies.· Both 
of these levels for the two compounds were considered sublethal but 
showed effects on the growth rates of the cultured cells. 
Doubling Time Experiments 
In order to establish and compare the effects of the selec4ed 
concentrations (300 and 3000 µ,g/m 1) for each test compound on the 
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doubling time of cell populations, two separate experiments were con-
ducted. In each experiment, identical concentration levels of the two 
compounds were used. Cell populations, from duplicate cultures of the 
same treatment, were enumerated every 12 hours over a 48-hour period. 
A summary of the results of the experiment in which 300 µ.g/ml of each 
compound was used is shown in Table v. 
TABLE V 
EFFECTS OF ETHYL CARBAMATE AND METHOXYETHYL CARBAMATE 
AT CONCENTRATIONS OF 300 µ.g/ml ON THE DOUBLING 
TIME OF CHINESE HAMSTER FIBROBLASTS 
Doubling 
Periods 
Treatments and Doubling Times in Hours 
Control EC MEG 
I 
II 
III 
IV 
TOTAL 
Mean 
S.E. 
16.5 
6.5 
7.2 
7.3 
37.5 
9.4 
2.38 
4.54 
12.0 
10.0 
11.2 
42.2 
10.5 
o.66 
13.5 
10.5 
11.2 
44°7. 
11.2' 
0.94 
In the table, the individual and average doubling times (in hours) 
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for each treatment (control and experimentals) are presented. Individ-
ual doubling times of the control populations were 16.5, 6.5, 7.2 and 
7.3 hours respectively for the four periods (I, II, III and IV). The 
average doubling time and standard error of this estimate were 9.4 
hours and 2.38, respectively. Individual doubling times of the cell 
populations treated with ethyl caribamate were 12.0, 9.0, 10.0 and 11.2 
hours. The average time required for cell populations to double with 
this treatment was 10.5 hours with a standard error of 0.66. For popu-
lations of cells treated with me~ium containing methoxyethyl carbamate, 
the individual doubling times were 13.5, 10.5, 11.2 and 9.0 hours, 
respectively. The average doubling time and standard error were 11.2 
hours and 0.94, respectively. 
Based on'. the average times required for the cell populations to 
double in this experiment, diff:erences were noted. The control treat-
ment reduced the amount of time required for the cell populations to 
double by 1.1 and 1.8 hours when compared with the effects of treat-
ment~ of ethyl carbamate and methoxyethyl carbamate, respectively. 
However, analysis of variance and an F-test revealed that these dif-
ferences between the populations (control and experimentals) were not 
statistically significant at the 0.05 level (Table VI). 
The results of this experiment are also depicted in a graphic form 
in Figure 3. The growth curves were· p1o'tt·ea--a's-ce1::t"niilfil5~r"'against· 
time from the averaged data taken at each sample period for each treat-
ment. According to the data presented, the growth of the control popu-
lations delayed or lagged for the first 12 hours, while each of the 
experimental populations within the same period showed accelerated 
growth. The overall results of the experiment showed that populations 
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of cells treated with control medium were in a lag phase, in the first 
12 hours in exponential growth between 12 and 36 hours, and tended to 
move towards a stationary phase between 36 and 48 hours. Cell popula-
tions treated with experimental media (ethyl carbamate or methoxyethyl 
carbamate) remained in exponential growth phases from time Oto time 
48 hours. The growth curves showed clearly that all populations 
doubled slightly more than 4 times. Also shown is the fact that the 
first doubling time for all populations was the longest with all others 
reduced. 
TABLE VI 
ANALYSIS OF VARIANCE FOR THE EFFECTS OF ETHYL CARBAMATE AND 
METHO~THYL CARBAMATE (300 µ.g/ml) ON THE DOUBLING 
TIME OF CHINESE HAMSTER FIBROBLASTS 
Source of Variation df SS MS Fcal 
Total 11 89.7425 
',-.,_., ,.,~ <1f1··· 
·:Ji!tween 'Tr~~t!Tlents 2 17.0275 8.5137 1.05475 
Within Treatments 9 72.7250 8.07944 
F tab. 05 (2,9)=4.26 
Results of the second experiment in which 3000 µ.g/ml of each of 
the experimental compounds were used are summarized in Table VII. The 
table shows the individual and average doubling times (in hours) for 
each treatment. Cell populations treated with medium containing 
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Figure 3. A Comparison of the Effects of Ethyl Carbamate and. 
Methoxyethyl Carbamate (300 µ,g/ml) on the Doubling 
Time of Chinese Hamster Fibroblastsa 
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methoxyethyl carbamate doubled nearly 4 times in 48 hours, while the 
control and ethyl carbamate treated populations doubled nearly 3 and 
2i times, respectively. For equal comparison of the treatments \?nly 
i 
two of the doubling times are presented in the table for each treat-
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ment. The individual doubling times of cell populations for the two 
periods (I and II), treated with control, ethyl carbamate or methoxy-
ethyl carbamate medium were 16.0, 13.5; 13.5, 19.5; 17.0 and 10.5, 
respectively. The average time required for cell populations td';. 
double when treated with control medium was 14.7 hours with a standard 
error of 1.25. The same for populations treated with ethyl carbamate 
was 16.5 hours and a standard error of 3.00. For cell populations 
treated with methoxyethyl carbamate, the average time required for 
doubling was 13.7 hours with a standard error of 3.25. 
TABLE VII 
EFFECTS OF ETHYL CARBAMA.TE AND METHOXYETHYL CARBAMA.TE 
AT CONCENTRATIONS OF 3000 µg/ml ON THE DOUBLING 
TIME OF CHINESE HAMSTER FIBROBLASTS 
Doubling Periods Treatments and Doubling Times in Hours 
Control EC MEC 
I 16.0 13.5 17.0 
II 13.5 19.5 10.5 
Total 29.5 33.0 27.5 
Mean 14.7 16.5 13.7 
SE 1.25 3.00 3.25 
LSD.05 10.39 
Based on the averages of the doubling times, it appears that 
methoxyethyl carbamate caused a reduction in the amount of time requir-
ed for the eell populations to double when compared with the effects 
produced by ethyl carbamate or control treatment. There were differ-
ences of 1.0 and 2.8 hours required for doubling for the effects of 
ethyl carbamate and control treatments, respectively, as compared 
with treatment with methoxyethyl carbamate. Control populations showed 
a trend of doubling that exceeded the doubling rate of cultures treated 
with ethyl carbamate. However, analysis of variance and an F-test 
revealed that no statistically significant differences existed between 
the various treatments, (Table VIII). 
TABLE VIII 
ANALYSIS OF VARIANCE FOR THE EFFECTS OF ETHYL CARBAMATE 
AND METHOXYETHYL CARBAM\TE (.3000 µ.g/ml) ON THE 
OOUBLING TIME OF. CHINESE HAMSTER 
FIBROBLASTS 
Source of Variation df _S_p __ MS 
Total 5 54.708.3 
Fcal 
Between Treatments 2 22.708.3 11..3541 1.0644 
Within Treatments 
.3 .32.0000 10.6666 
F tab. 05 (2,.3)=9.55 
The results of this experiment are graphically illustrated in 
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Figure 4. The control populations showed approximately exponential 
growth throughout the entire experiment. Populations of cells treated 
with methoxyethyl carbamate showed the same trend, but the slope cf 
the curve indicated a much more accelerated growth. The overall pat-
tern of growth for populations of cells treated with ethyl carbamate 
showed a diauxic (double) or bimodal trend of growth. The growth 
curve for treatment with this compound showed accelerated slopes 
between times O and 12 hours and 24 and 36 hours. During the periods 
of 12-24 hours and 36-48 hours growth of the populations appeared 
retarded. 
The Effects of Ethyl Carbamate and Methoxyethyl Carbamate on the 
Chromosomes of Chinese Hamster Fibroblasts 
In order to determine and compare the effects of ethyl carbamate 
(EC) and methoxyethyl carbamate (MEG) on the chromosomes of Chinese 
hamster fibroblasts, two sublethal concentrations (300 and 3000 µg/ml) 
of the compounds were used. Cells were exposed to media containing 
these dosages of the respective compounds for 6, 12, 24, 48 and 72 
hours. Control cells were similarly exposed to medium without either 
of the compounds. Slides for each of the sample periods were prepared 
and studied for structural and numerical aberrations of the metaphase 
chromosomes. With reference to structural aberrations, major emphasis 
was placed on the study of chromosomal breaks. For each sample period, 
each experimental treatment (ethyl carbamate or methoxyethyl carbamate 
at 300 or 3000 µg/ml) was compared with its control. The results 
presented in this section come under two main headings: effects on 
chromosomal breakage and effects on chromosome number. 
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Figure 4. . A Comparison of the Effects of ~th,Yl Carbamate and 
Metho:xyethyl Carbamate (3000 µ,g/ml) on the Doubling 
Time of Chinese Hamster Fibroblasts. 
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Effects on Chromosomal Breakage 
The effects of the experimental and control treatments on chromo-
somal breakage are sumrnari~ed in Table IX. These relationships are 
more clearly depicted in Figure 5 where the number of cells with 
chromosome breaks per 50 cells are plotted as a function of length of 
time of exposure. The results of the 6-hour exposure to ethyl carba-
mate 300 and 3000, and methoxyethyl carbamate at 3000 µg/ml showed 
statistically significant numbers of cells with breaks. Methoxyethyl 
carbamate at 300 µg/ml demonstrated more cells with breaks when com-
pared with the control, but the difference was not statistically sig-
nificant. For the 12-hour exposure period, the results were the same 
as those discussed for the 6-hour exposure period. However, methoxy-
ethyl carbamate at 300 µg/ml showed the same number of cells with 
breaks as the control cells. At the 24-hour exposure period, all 
experimental treatments showed statistically significant numbers of 
cells with breaks when compared with"'\the number of breaks for the con-
trol cells. Also for this period, cells exposed to ethyl carbamate 
and methoxyethyl carbamate at 300 µg/ml demonstrated a higher fre-
quency of breaks, than in the previous two periods. The numbers of 
cells with br~aks were 14/50 and 16/50 respectively, After 48 hours 
of exposure, all experimental concentrations showed statistically 
significant numbers of cells with breaks when compared with the 
48-hour control. At 300 µ;g/ml of methoxyethyl carbamate, the number 
of cells with breaks reached a peak with 49/50 that showed structural 
damage of the chromosomes. Many of the cells which demonstrated 
breaks at this sample period and concentration had multiple breaks, 
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TABLE IX 
EFFECTS OF ETHYL CARBAMATE AND METHOXYETHYL CARBAMATE AT 
300 AND 3000 µg/ml ON THE NUMBER OF CHROMOME BREAKS 
PER FIFTY CELLS AFTER VARIOUS EXPOSURE PERIODS 
Length of Concentrations Cells With Breaks 2 p X cal 
Exposure (µ.g/ml) ~No. 750 Cells) (%) 
(Hours) 
o.oo 3 6 
EC 300 11 22 22.6950 <0.005 
6 EC 3000 12 24 28.7234 <o.005 
MEG 300 5 10 1.4184 <0.250 
MEG 3000 8 16 8.8652 <0.005 
o.oo 4 8 
EC 300 8 16 4.0870 <0.050 
12 EC 3000 9 18 6.7935 <0.010 
MEG 300 4 8 0.0000 <0.995 
MEG 3000 9 18 6.7935 <0.010 
o.oo 4 8 
EC 300 14 28 27.1739 <0.005 
24 EC 3000 10 20 9.7826 <0.005 
MEG 300 16 32 39.1304 <o.005 
MEG 3000 9 18 6.7935 <0.010 
o.oo 5 10 
EC 300 11 22 8.0000 <0.005 
48 EC 3000 10 20 5.5555 <o.025 
MEG 300 49 98 430.2222 <0.005 
MEG 3000 12 24 10.8889 <0.005 
o.oo 2 4 
EC 300 6 12 8.3333 <0.005 
72 EC 3000 8 16 18.7500 <0.005 
MEC 300 7 14 . 13.0208 <0.005 
MEG 3000 7 14 13.0208 <0.005 
2 
X tab. 05 (ld.f.)=3.84 
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pulverized or highly fragmented chromosomes, Figures 6, 7 and 8. Re-
sults of the 72-hour exposure to the compounds showed that statisti-
cally significant numbers of the cells had chromosomal breaks. The 
effects of ethyl carbamate at 300 µg/ml remained rather consistent 
throughout the experiment except for the peak at 24 hours and the 
decline after 72 hours of exposure~ Ethyl carbamate at 3000 µ,g/ml 
also showed a somewhat consistent trend in the number of ce~ls with 
chromosomal breaks with its maximum effects exerted after 6 hours of 
:;':,. 
exposure. The effects of methoxyethyl carbamate at 300 jg/ml on the 
number of cells with breaks increased with time to 48 hours, then 
declined sharply after 72 hours. At 3000 ug/ml of methoxyethyl carba-
mate, the number of cells with breaks remained stable except for a 
peak at 48 hours. 
The overall results of this experiment, with reference to chromo-
some breakage, were"obtained by pooling the data for each concentration 
at each exposure period and are presented in Table x. The results 
given in the table disregard the effects of the compounds on the cells 
at individual exposure periods. In the absence of either of the two 
test compounds and their respective concentration levels, only 7.2!{o 
of the cells demonstrated chromosomal breaks. At 300 µg/ml of ethyl 
carbama~,e, t~e percentage of the cells with brea,ks was 20.of,. When 
the effects of this treatment were tested against the control ratio, 
a high statistical significance was obtained. Similarly, the percen-
tage of cells with breaks for ethyl carbamate at 3000 ~g/m l was 19.6 
and was highly significant when compared with the control. For meth-
oxyethyl carbamate at 300 and 3000 µg/m 1, the percentages of cells 
with breaks were 32.4% and as.of,,' respectively, with both highly sig-
Figure 6. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread Showing Multiple Breaks and Fragmentation of the 
Chromosomes aft:er 48 Hours of Exposure to Methoxyethyl 
Ca.rbamate (300 µ.g/m 1). 
Figure 7, Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread Showing Highly Fragmented Chromosomes After 48 
Hours of Exposure to Methoxyethyl Carbamate (300 µ.g/m 1). 
Figure 8. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread Showing Completely Fragmented or Pulverized 
Chromosomes After 48 Hours of Exposure to Methoxyethyl 
Carbamate (300 µ.g/m 1). 
Bars Represent 10 Microns, 
' 
6 
7 
• 
, 
. 
.. 
46 
• 
• • 
• • 
nificant. According to the results of this experiment, exposures to 
methoxyethyl carbamate at 300 µ.g/ml produced the greatest number of 
cells with chromosomal breaks on an overall basis. 
TABLE X 
SUMMARY OF THE OVERALL EFFECTS OF ETHYL CARBAMATE 
METHOXYETHYL CARBAMATE ON CHROMOSOME BREAKAGE 
Length of Concentratioqs Cells with Breaks x2 
cal p Exposure ( µ.g/m 1) (No./250 
(Hours) cells) (%) 
0-72 o.oo 1$ 7.2 
0-72 EC 300 50 20.0 61.3027 <0.005 
0-72 EC 3000 49 19.6 57. 5311 <0.005 
0-72 MEG 300 81 32.4 237.6078 < 0.005 
0-72 MEG 3000 45 18.0 43.6422 < 0.005 
2 X tab005 (1 d.f'. )=3.84 
A summary of the number of breaks, types of breaks and kinds of 
chromosomes in which the breaks occurred is presented (Table XI) 
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for each treatment and exposure period. For convenience in the study 
of the types of chromosomes with breaks, the chromosomes were grouped 
as long metacentric (IM), acrocentric or subtelocentric (ACRO) and 
short-metacentric (SM). An example of a normal karyotype presenting 
this classification is shown in Figure 9. For all of the cells with 
breaks studied, the breaks were of two types, chrom~tid (CHR) and 
TABIE XI 
DISTRIBUTION OF THE TYPES OF CHROMOSOOES BREAKS AND 
KINDS OF CHROMOSOMES AFFECTED 
I.engthor Concentrations Cells With Breaks Chromoso::ies Affected and Types of Breaks 'l'otal CHR Total ISO 
Exposure (µ.g/ml) Breaks (No.) LM ACRO SM Breaks Breaks 
(Hours) (No/50 Cells) CHR (%) ISO (%} CHR (%} ISO (%) CHR (%) ISO (%) (No.) % (No.) % 
o.oo 3 4 4 100.0 4 100.0 0 o.o 
EC 300 11 18 14 77.S 1 5.6 3 16.7 17 94.4 1 5.6 
6 EC 3000 12 16 12 75.0 2 12.5 1 6.3 13 81.2 3 18.8 
M&C 300 5 7 6 85. 7 1 14.3 7 100.0 0 O.O 
MEC 3000 8 9 6 66.7 2 22.2 1 11.1 9 100.0_ Q .... Q.O 
o.oo J; 5 4 so.o 1 20.0 5 100.0 d o.o 
EC 300 8 10 8 80.0 1 10.0 1 10.0 10 100.0 0 O.O 
3..2 EC 3000 9 11 7 63.6 1 9.1 3 27.3 10 90.9 1 9.1. 
MEC 300 4 4 2 50.0 2 50.0 4 100.0 0 O.O 
MEC 3000 9 10. 8 SO.O 2 20.0 10 100.0 0 O.O 
o.oo 4- 4 . 2 50.0 1 ··25.0· ~-·25.0 3 ·75.0 1 25.0 
EC 300 14 33 24 72.7 2 6.1 7 21.2 31 93.9 2 6.1 
24 EC 3000 10 13 S 61.5 4 30.S 1 7.7 12 92.3 1 7.7 
mc 300 16 17 12 70.6 2 11.s 3 17.6 15 88.2 2 11.8 
MEc 1.000. 9 11 9_s1.s. 1 __ 9.1 ·--·-·--·· _1 .... 9.1 . -·-·-- __ .10. __ . 90.9 -·-1·_ 9.1 o.oo 5 o~·-100.0 ·--·---··-······· ··· -o 100.0 o o;o 
EC 300 11 12 7 58.3 2 16.7 3 25.0 7 58.3 5 41.7 
48 EC 3000 10 10 S SO.O l 10.0 1 10.0 9 90.0 1 10.0 
M&C 300 * 49 
M&C 3000 12 13 10 76.9 3 23.1 10 76.9 3 ?3.l 
o.oo 2 2 2 100.0 2 100.0 0 o.o 
EC 300 6 7 4 57.1 1 14.3 2 28.6 6 85.7 1 14.3 
72 EC 3000 8 13 9 69.2 4 30.S 13 100.0 0 O.O 
M&C 300 7 S 6 75.0 1 12.5 1 12.5 8 100.0 0 O.O 
MEC 3000 7 10 7 70.0 2 20.0 1 10.0 9 90.0 _.l. _ lQ.O 
* Number of breaks, types of breaks and chromosomes affected could not be determined due to fragmentation of the chromosomes. 
~ 
00. 
Figure 9. A Normal Diploid Karyotype of the Don Chinese Hamster 
Fibroblast-like Strain. 
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isochromatid (ISO). Example,s of some of the types of breaks are shown 
in Figures 10, 11, 12 and 13. According to the data presented in the 
table for the cel~s with breaks, most of the breaks were of the chroma-
tid type and occurred mostly in the IM chromosomes for all exposure 
periods. The range of perc~ntages for this combination was 501/o - ~001/o. 
The AGRO chromosomes were also affected mostly with breaks of the GHR 
type. Nearly all of the breaks which occurred in the SM chromosomes 
were of the GHR type, although breakage in these chromosomes was in~ 
frequent. The greatest frequency of ISO breaks occurred in the IM 
chromosomes with the next highest frequency for the AGRO chromosomes. 
The SM chromosomes were very rarely affected with ISO breaks. 
Effects on Chromosome Numbers 
The effects of exposure to the two levels of the test chemicals 
and control treatment on chromosome numerical aberrations are summariz-
ed in Table XII. The distribution of the chromosome numbers of the 
cells into the five groups are shown for each exposure period and 
treatment. Examples of four of the groupings are shown in Figures 14, 
15, 16 and 17. Ethyl carbamate at 300 µ. g/m 1, when compared with con-
trol distributions for all five~ the exposure periods, showed the 
most significant.effects in altering the chromosome number of the 
cells. This treatment showed statistically significant results at all 
exposure periods except the 48-hour exposure period. Ethyl carbamate 
at 300 µ.g/ml, reduced the number of app:iroximately "diploid" metaphases 
. ~· . :, 
but increased the number of "triploid and tetraploid metaphases." At 
3000 µ.g/ml of ethyl carbamate statistically significant differences in 
the distribution of the metaphases occurred for two of the exposure 
Figure 10. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread Showing a OHR Break (Arrow) in One of the LM 
Chromosomes After 24 Hours of Exposure to Ethyl Carba-
mate (3000 µ,g/m l). 
Figure 11. Photomicrograph of a Chinese Hamster Metaphase Chromo'some 
Spread Showing a OHR Break (Arrow) in One of the AGRO 
Chromosomes After 6 Hours of Exposl,lI'e to Methoxyethyl 
Carbamate (3000 µ, g/m 1). 
Figure 12. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread Showing Two Chromosome Fragments (Arrows) pro-
duced by an ISO Break at or Near the Centr9meric Region 
of One of the LM Chromosomes After 24 Hours of Exposure 
to Ethyl Carbamate (300 µ,g/ml). 
Figure 13. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread Showing Two OHR Breaks in Two Different LM Chromo-
somes (Arrows) and an Achromatic Gap (G) After 24 Hours 
of Exposure to Ethyl Carbamate (300 µ,g/ml). 
Bars Represent 10 Microns 
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TABLE XII 
THE EFFECTS OF ETHYL CARBAMATE AND METHOXYETHYL CARBAMATE ON THE 
DISTRIBUTION OF THE CHROMOSOME NUMBER PER 50 METAPHASES 
Concentrations Number of MetaEhases 
(~g/ml) Group I Group II Group III Group IV Group V 
<20 20-25 26-29 3~50 >50 
,.iiiiit .:P· 0 48 1 1 0 
EC 300 0 ',, 43 0 7 0 
EC 3000 1 47 0 2 0 
MEC 300 0 . 48 0 2 0 
MEC 3000 0 47 0 2 0 o.oo 1 47 0 2 0 
EC 300 3 34 2 11 0 
EC 3000 0 43 0 7 0 
MEC 300 0 45 0 5 0 
MEC 3000 1 46 0 3 0 
···!P- 0 48 0 2 0 
EC 300 -0 36 0 14 0 
EC 3000 1 46 0 3 0 
MEC 300 2 43 0 5 0 
MEC 2000 0 !±5 0 5 0 
o.oo 0 47 0 3 0 
EC 300 0 44 0 6 0 
EC 3000 1 46 0 3 0 
MEC 300 * 
MEC 3000 2 45 0 3 0 
o.oo l 46 0 2 1 
EC 300 0 42 0 8 0 
EC 3000 1 40 0 9 0 
MEC 300 2 45 0 3 0 
x2cal p 
37.5208 <0.005 
2.0208 <0.750 
2.0000 <0.750 
3.0208 <0.750 
76.1915 <0.005 
13.8404 <0.010 
5.5851 <0.250 
0.5212 <0.97~ 
75.0000 <0.005 
0.5833 <0.975 
5.0208 <0.500 
4.6875 <o.500 
3.1915 <0.750 
0.0213 <0.995 
0.0851 <0.995 
20.3478 <0.005 
26.2826 <0.005 
2.5217 <0.750 
~ MEC 3000 0 44 O 6 O 10.0870 - <0.050 
x tab.05 (4 d.f.)=9-49 
*The distribution of chromosome number in metaphases could not be determined due to fragmented chromosomes. 
Vt 
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Figure 14. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread with 16 Chromosomes (Group I). 
Figure 15. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread Showing the Normal Diploid Chromosomal Comple-
ments (Group II). 
Figure 16. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread with 27 Chromosomes (Group III), Including an 
Atypicai IM Chromosome (Arrow). 
Figure 17. Photomicrograph of a Chinese Hamster Metaphase Chromosome 
Spread with 43 Chromosomes (Group IV). 
Bars Represent 10 Microns 
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periods, 12 and 72 hours. In both periods the distribution of approxi-
mately "diploid" metaphases was reduced while the distribution of 
"triploid and tetraploid metaphases" was increased. Methoxyethyl car-
bamate at 300 and 3000 µg/ml showed results that differed from the. 
distribution of metaphases for controls, but neither of the treatments 
gave statistically significant results. However, methoxyethyl carba-
mate at 3000 µ. g/m 1 did show a statistically significant distribution 
of metaphases when compared with the control at the 72 hour exposure 
period. The distribution of chromosome numbers for the cells exposed 
to methoxyethyl carbamate (300 µ.g/ml) for 48 hours could not be studied 
due to the fragmentation or pulverization of the chromosomes for this 
period. 
Reversible~Temporary or Irreversible-Permanent Effects of 
Ethyl Carbamate and Methoxyethyl Carbamate 
To determine whether the effects of the two test chemicals were 
reversible-temporary or irreversible-permanent, one dosage level 
(300 µ.g/m 1) for each compound was selected for this study. Cells 
were exposed for 36 hours (treatment period I) to media containing 
ethyl carbamate or methoxyethyl carbamate. Cells exposed similarly 
(within period I) were returned to culture in medium without either of 
the test chemicals for an additional 36-hour period (treatment period 
II). The criteria selected for the determination of these effects 
were structural and numerical aberrations and growth rates as deter-
mined by metaphase indices within the two treatment periods. Compari-
sons were also made from the chromosome data between the two treatment 
periods (I and II) for each treatment. No comparisons of the metaphase 
indices were made between the two sample periods. The results pre-
sented in this section are given under three main headings for the 
effects on chromosomal breakage, chromosome number, and metaphase 
indices. 
Effects on Chromosomal Breakage: 
The effects of the two experimental and control treatments are 
summarized in Table XIII. These relationships are expressed in a 
graphic form for clearer interpretations in Figure 18, where the 
number of cells with breaks per 10 cells are plotted as a function of 
each exposure period. Also shown in Figure 18 are the standard errors 
(S.E.) of each mean. The standard errors are represented by vertical 
lines in each bar. The table and figure show the number of cells with 
breaks per 50 cells for each of the duplicate treatments (control and 
experimentals) for both exposure periods. Within treatment period I, 
the duplicate cultures treated with medium lacking either of the com-
pounds showed 2/50 and 1/50 cells with breaks respectively. Similarly, 
for cultures treated with ethyl carbamate (300 µg/ml) 9/50 and 12/50 
cells, respectively, showed breaks. At 300 µg/ml methoxyethyl carba-
mate, for the same period, 11/50 and 8/50 cells demonstrated breaks. 
Within treatment period II, in the absence of either of the compounds, 
thenUlllbersof cells with breaks were 4/50 and 3/50, respectively, for 
the duplicate cultures. For the duplicate cultures that were treated 
with ethyl carbamate at 300 µg/ml (period I) then returned to normal 
medium (period II) the numbers of cells with breaks were 10/50 and 
8/50, respectively. Likewise, for the cells previously treated with 
methoxyethyl carbamate, then returned to normal medium, the number of 
cells witb breaks were 3/50 and 3/50, respectively. 
TABIE XIII 
EFFECTS OF ETHYL CARBAMATE AND METHOXYETHYL CARBAMATE 
ON CHROMOSOME BREAKAGE FOR EACH DUPLICATE CULTURE 
DURING TWO DIFFERENT 36-HOUR TREATMENT PERIODS 
Cells With Breaks 
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Treatments Concentrations (No 0 750 CellsJ (%J (Mean No,.750 Cells) S.E~ 
0.00-1 2 4 
1.5 0.50 
~ 0.00-2 1 2 
i ,,........ CJ) EC 300-1 11 22 s 
~'.l O 9.5 1,50 
t ::c: EC 300-2 8 16 
~f . '° ~ ('('\ j <-a,·..__, MEC 300-1 9 18 0 
" iii:: 10.5 1.50 
9 MEC 300-2 12 24 
,-
0.00-3 4 8 
~ 3.5 0.50 
~ 0.00-4 3 6 ,,........ CJ) 
...:I s EC 300-3 10 20 
@ 0 9.0 1.00 ::c: 
~ 
'° 
EC 300-4 8 16 
0 ('("\ 
0 ....__... 
:;2; MEC 300-3 3 6 0 3.0 o.oo 
MEC 300-4 3 6 
For comparison of the data obtained within treatment period I or 
II, analysis of variance and F-tests were used (Table XIV). Analysis 
of variance and F-tests revealed that statistically significant dif-
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Figure 18. A Comparison of the Effects of Ethyl Carbamate 
and Methoxyethyl Carbamate on Chromosome Break-
age per 50 Cells for Two Different 36-hour 
Treatment Periods. 
60 
61 
ferences existed between the treatments within both of the treatment 
periods. In further analysis with the t~test on treatment period I, 
both ethyl carbamate and methoxyethyl carbamate showed statistically 
significant numbers of cells with breaks when compared with the dupli-
cate controls. However, there existed no significant difference between 
the treatments with ethyl carbamate and methoxyethyl carbamate for this 
period. Within treatment period II, the duplicate cultures which had 
been previously treated with ethyl carbamate at 300 µg/ml showed more 
cells per 50 with breaks than either the controls or the cultur~s prev-
·. iously treated with methoxyethyl carbamate at the same level. These 
differences were statistically significant. No statistical difference 
was observed between the controls and the cultures previously treated 
(within period I) with methoxyethyl carbamate. Analysis of variance 
and F-tests were also used for making comparisons between the effects 
of the control and experimental treatments between periods I and II 
(Table XV). For these comparisons the hypotheses tested were 
·bbI = µ:CII, µEI = µ EII, and u.MI = µ,MII. In other words, based on these 
hypotheses, no significant differences existed between the effects of 
exposure to a compound for 36 hours and those present after exposure 
to normal medium for an additional 36 hours. The hypothesis of 
~I= ~II and µEI= ~II were accepted, but the hypothesis of 
~I= ~II was rejected. 
A summary of the distribution of the number of breaks, types of 
breaks and kinds of chromosomes in which the breaks occurred is presented 
in Table XVI. Within period I, in the duplicate cultures treated with 
medium without either of the compounds, most of the breaks were of the 
chromatid type and they occurred more frequently in the LM chromosomes. 
TABLE XIV 
ANALYSIS OF VARIANCE FOR THE EFFECTS OF ETHYL CARBAMATE 
AND ME'l'HOXYETHYL CARBAMATE (300 µ,g/ml) ON THE 
NUMBER OF CHROMOSOME BREAKS PER FIFTY CELLS 
WITHIN TWO DIFFERENT TREATMENT PERIODS 
Source of Variation df SS MS 
Total 11 165.$667 
Treatments 5 153.6667 
Treatments in Period I 2 97.3333 48.6667 
Treatments in Period II 2 44.3333 22.1667 
Periods (Averaged over 
Treatments) 1 12.0000 
Error 6 12.0000 6.0000 
F tab005(2,6)=5.14 
62 
Fcal 
24.3333 
11.0833 
XI= 1.5 x;;I = 9.5 ~I= 10.5 * Treatment Period I 
c 
Treatment Period II ~II = 3.0 XCII = 3.5 ~II= 9.0 
*A line under any two means (X's) indicates no significant difference 
between the two treatments. 
One of the 4 breaks (25%) observed for the cells which demonstrated 
breaks was ISO in the LM and one was CHR in th-e ACRO; 'respectively. 
For ethyl carbamate and methoxyethyl carbamate the majority.of the 
cells with breaks had most breaks of the CHR type in the LM chromosomes 
with 79.3 and 84.0 percent, respectively. Ethyl carbamate caused more 
ISO breaks in the LM chromosomes than did methoxyethyl carbamate. 
* 
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Ethyl carbamate and methoxyethyl carbamate caused only CHR breaks in 
the AGRO chromosomes. Both showed CHR breaks in the SM chromosomes 
with 3.4% for ethyl carbamate and 4.afo for methoxyethyl carbamate. For 
treatment period I, 75-9<:1/o of all of the cells with breaks showed breaks 
of the CHR type. Four to twenty-five p.ercent showed ISO breaks. 
TABLE XJJ 
ANALYSIS OF VARIANCE FOR THE EFFECTS OF ETHYL CARBAMATE 
AND METHOXYETHYL CARBAMATE (300 µg/ml) ON THE 
NUMBER OF CHROMOSOME BREAKS PER FIFTY CELLS 
BETWEEN TWO DIFFERENT TREATMENT PERIODS 
Source of Variation df SS MS 
Total 11 165.6667 
Treatments 5 153.6667 
Periods in Treatment 1 4.0000 4.0000 
(Control) 
Periods in Treatment 1 0.2500 0.2500 
(EC) 
Periods in Treatment 1 56.2500 56.2500 
(MEG) 
Treatments (Averaged over 2 93.1667 
Periods) 
Error 6 12.0000 2.0000 
F tab.05(l,6)= 5.99 
Fcal 
2.0000 
0.1250 
28.1250 
Ethyl carbamate and methoxyethyl carbamate caused only CHR breaks in the 
TABLE XVI 
DISTRIBUTION OF THE TYIBS OF CHROMOSOME mE!KS . AND 
KINDS OF CHROMOSOMES AFFECTED 
Treatment Metaphases Concentrations Cells With Breaks Chromosomes Affected and Types of Breaks Total CHR Total ISO 
Observed ( µ,g/rnl) Breaks (No.) LM ACRO SM Breaks Breaks 
~<1 
~l:l O 
g~::i:: 
'° z "" 0 ~
.,:! ,..... 
0 "' gi s s 
ZHO 
oo::i:: 
o~'° 
i:l "" 
(No.) (No.) CHR % ISO % CHR % ISO % CHR % ISO % (No.) % (No.) % 
100 
100 
100 
100 
100 
100 
o.oo - land 2 
EC300 - land 2 
MEC300 - land 2 
Q.00 - 3 and 4 
EC300 - 3 and 4 
MEC300 - 3 and 4 
3 
19 
21 
7 
18 
6 
4 2 50.0 l 25.0 l 25.0 
29 23 79.3 3 10.3 2 6.9 
25 21 84.0 l 4.0 2 8.0 
7 l 44.3 l 14.3 5 71.4 
24 15 62.5 5 20.8 3 12.5 l 4.2 
13 10 76.9 3 23.1 
l 
l 
3.4 
4.0 
3 
26 
24 
6 
18 
13 
75.0 
89.7 
96.0 
85.7 
75.0 
100.0 
l 
3 
l 
l 
6 
0 
25.0 
10.3 
4.0 
14.3 
25.0 
o.o 
°' ~
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AGRO chromosomes. Both showed GHR breaks in the SM chromosomes with 
3.4% for ethyl carbamate and 4.afo for methoxyethyl carbamate. For 
treatment period I, 75-96% of all of the cells with breaks showed 
breaks of the GHR type. Four to twenty~five percent showed ISO breaks. 
Within period II, the duplicate cultures of cells treated with 
medium lacking either of the compounds showed GHR breaks in both the 
LM and AGRO chromosomes. Most of the GHR breaks occurred in the ACRO 
chromosomes (71.4%). Only one of the cells, showed an ISO break. The 
ISO brea~ in this case occurred in one of the LM chromosomes. No breaks 
were in the SM chromosomes. For ethyl carbamate and methoxyethyl car-
bamate, the majority of the cells with breaks show CHR-type breaks 
which occurred more frequently in the LM chromosomes. Ethyl carbamate 
caused ISO breaks in the LM chromosomes, but the same was not observed 
for methoxye'thyl carbamate. Ethyl carbamate and methoxyethyl carbamate 
also caused breaks in the ACRO chromosomes. For treatment period II, 
75-100% of all of the cells which showed breaks had CHR-type breaks. 
The percentage range of ISO breaks for all treatments was O.c,fo-25.afo. 
Effects on Chromosome Number: 
The eff.'ects of the exposure for both treatment periods (I and II) 
on the chromosome number of Chinese hamster fibroblasts are shown in 
Table XVII. These results are given in a graphic form in Figure 19 
where the number of metaphases per 100 are plotted against the group-
ings (I, II, III, IV andlV) for each treatment period. Within treatment 
period I, cells treated with ethyl carbamate ~howed a difference in the 
distribution of the chromosome number when compared with the control 
treatment. The chi-square value obtained from this comparison was 
Treatments 
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TABLE XVII 
EFFECTS OF ETHYL CARBAMATE AND METHOXYETHYL CARBAMATE ON THE 
DISTRIBUTION OF THE CHROMOSOME NUMBER FOR TWO 
36-HOUR TREATMENT PERIODS 
Concentrations 
(µg/ml) 
0.00-1 and 2 
EC300-l and 2 
MEC300-l and 2 
.. 
O.Q0-3 and 4 
EC300-3 and 4 
MEC300-3 and 4 
Group I 
20 
(No.) 
1 
0 
1 
1 
0 
1 
Number of Metaphases 
Group II Group III Group IV 
20-25 26-29 30-50 
(No.) (No.) (No.) 
88 1 9 
72 4 21 
88 0 10 
94 0 5 
90 0 10 
94 0 5 
Group V 
50 
(No.) 
1 
3 
1 
0 
0 
0 
2 
X tab. 05(4 d.f.)= 9.49 
2 
X cal 
.).,?1~3534 
1.1111 
6.1702 
0.0000 
p 
<o.005 
<0.900 
<0.250 
<0.995 
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highly significant. Treatment with ethyl carbamate reduced the fre-
qµency of metaphases with the approximately "diploid" karyotype and 
increased the frequency of met:aphases of the "triploid and tetraploid" 
category. Methoxyethyl carbamate, within treatment period I, showed no 
statistically significant difference in the distribution of metaphases 
when compared with the control distribution. Within treatment period 
II neither of the experimental distributions (ethyl carbamate or meth-
oxyethyl carbamate) of metaphases differed statistically from the con-
trol distribution. 
The effects of the treatments on the growth rate of Chinese ham-
ster fibroblasts, as attested by metaphase index data for both periods, 
are summarized in Table XVIII. For clarity these relationships are 
presented graphically iri Figure 20 where the number of cells in colcemid 
metaphase per thousand are plotted against the treatment periods for 
each treatment. Within period I, the number of cells per 1000 in 
colcemid metaphase for the duplicate controls was 39 and 59, respective-
ly, with a mean of 49.0. The number of cells per lOOP in colcemid meta-
phase after a 36-hour exposure to ethyl carbamate were 98 and 70, 
respectively, for the duplicate cultures. The mean ratio of these 
duplicates was 84.0/1000. For the methoxyethyl carbamate duplicate 
cultures, the number of cells per 1000 in colcemid metaphase was 54 
and 53, respectively, with a mean of 53.5 Within period II, the dupli-
cate control cultures showed 22 and 16 cells per 1000 in colcemid meta-
phase and a mean of 19.0. For the duplicate cultures: that were treated 
with ethyl carbamate (period I) and normal medium (period II) the number 
of cells per 1000 in colcemid metaphase was 29 and 25 with a mean of 27. 
For the duplicate cultures that were treated with methoxyethyl carbamate 
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(period I) and normal medium (period II), the number of cells in colce-
mid metaphase per 1000 was 2'.3 and 22 for a mean of 22.5. For treatment 
period II, the number of cells in colcemid metaphase was reduced for 
all treatments when compared with the results obtained for treatment 
period I, 
TABLE XVIII 
METAPHASE INDICES FOR THE DUPLICATE CULTURES OF THE 
SAME TREATMENT FOR TWO DIFFERENT 
TREATMENT PERIODS 
Treatments Concentrations Metaphases Observed .. 
(µg/ml) (No./1000) (%) Mean No./1000 
0.00-1 39 3.9 
co 
•r-l 0.00-2 59 5.9 "d 
~ ......... 
49.0 10.00 
(I) EC 30Q...l 98 9.8 § g 
0 ::i:: EC 300-2 70 7.0 ft '° 0 ('<"\ 
0 ......... MEG 300-1 54 5.4 8 53.5 0.50 
MEG 300-2 53 5.3 
0.00-3 22 2.2 
s 19.0 3.00 0.00-4 16 1.6 
.,; 
"d 
~ ......... EC 300-3 29 2.9 (I) 
r-1 g 27.0 2.00 0 EC 30Q...4 25 2.5 ~ ::i:: 
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Figure 200 . A Comparison of the Effects of Ethyl Carbamate 
and Metho:x:yethyl Carbamate on the Number of 
Cel.ls/1000 in Colcemi.d Metaphases for Two 
Different 36-hour Treatment Peri.odso 
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For the evaluation and comparison of the data obtained within 
treatment period I and II, analysis of variance and F-tests were used 
(Table XIX). Analysis of variance and F-tests showed that statistically 
significant differences existed between the treatments within period I. 
The same procedures revealed that within treatment period II no statis-
tically significant differences existed between the treatments. From 
further analysis with the use of at-test, ethyl carbamate showed 
differences which were statistically significant when compared with the 
effects of methoxyethyl carbamate or control treatment for treatment 
period I. The effects of methoxyethyl carbamate, within treatment 
period I, did not differ statistically from the control treatment. 
Within treatment period II, none of the effects for any of the treat-
ments was statistically significant. However, the number of cells in 
colcemid metaphase per 1000 which received treatment with ethyl carba-
mate (period I) was higher than either methoxyethyl carbamate or con-
trol treatment. 
TABLE XIX 
ANALYSIS OF VARIANCE FOR Tim EFFF.GTS OF ETHYL CARBAMATE 
AND METHOXYETHYL CARBAMATE (300 ~g/ml) ON THE 
METAPHASE INDICES WITHIN TWO DIFFERENT 
'.L'REATMENT PERIODS 
Source of Variation df SS MS 
Total 11 6775.0000 
Treatment Combinations 5 6156.0000 
Treatments in Period I 2 1450.3333 725.7666 
Treatments in Period II 2 64.3333 32.1666 ' 
Periods (Averaged over 
Treatments) 1 4641.3333 
Error 6 619.0000 103.1667 
F tab.05(2,6) ~ 5.14 
72 
Fcal 
7.029 
0.3118 
~I = 53.5 - * ~I= 84.0 Treatment Period I 
\II = 19.0 . ~II = 22.2 * \II= 27.0 Treatment Period II 
* A line under any two means indicates no significant difference 
between the two treatments. 
CHAPTER IV 
DISCUSSION 
Growth Rate Experiments 
A comparison of the effects of ethyl carbamate and methoxyethyl 
carbamate on the growth rate of Chinese hamster fibroblasts, with data 
obtained from Coulter counter enumerations, revealed that the effects 
of the two compounds could be groupedo The grouping of the effects 
results in three categories; 1) stimulation of growth rates, 2) re-
tardation of growth rates, and 3) lethalityo Expression of these 
effects were dependent upon the dosage levels of the two compounds to 
which the cells were exposed. The same type of relationship of the 
effects of various dosage levels of ethyl carbamate and response 
phenomena as indicated in the present study have also been reported in 
the literatureo Bucher (1949 ~) concluded that the action of ethyl 
carbamate depends on the dose, length of action, and biological cellu-
lar resistance. Johnson (1942) and Burger (1968) observed that growth 
rate and other characteristics in certain bacteria were dependent 
upon the dosage level of ethyl carbamate testedo Both of these re-
searchers found that low concentrations of the compound stimulated 
growth and high concentrations tended to inhibit the growth of bacteria. 
Similar observations were reported by Morgans (1968) using fish cell 
lines. 
Based on the means of the growth ratios for experiments A, B, C 
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and Din which various concentrations of ethyl carbamate were tested, 
the dosage levels less than 3000 IJ,g/ml caused stimulation of growtho 
Similarly for experiments E, F and Gin which metboxyethyl carbamate 
was used, accelerated growth rates were obtained for cells exposed to 
each of the dosage levels inclusive of 3000 µ,g/ml, but exclusive of 
30,000 µ,g/mlo The effects of the two compounds at 3000 µg/ml dii'fered 
sharply. Cells exposed to ethyl carbamate at this concentration showed 
a retarded or decreased growth rate. This reduced growth rate, how-
ever, was not statistically significant when compared with the growth 
rate of control cells. Cells exposed to methoxyethyl carbamate at the 
same concentration showed a growth rate greater than two times that of 
their respective controlo For both sets of experiments, similar trends 
in the effects of the two compounds were observed for concentrations of 
30 and 300 µ,g/ml., In each experiment set a more stimulated growth rate 
(higher growth ratio) occurred at 30 µ,g/ml than was found at 300 
µg/ml, but in neither case was the difference statistically signifi-
cant. Lethal effects for both compounds were observed at 30,000 µ,g/ml 
in the two sets of experiments, In the two sets of experiments, very 
little differences could be discerned by comparing the effects of same 
dosage levels of the compounds with reference to the secondary char-
acteristics of pH (color change in the media as indicated by the phenol 
red indicator), cell attachment, degree of confluency and cellular 
morphology. 
Further comparisons were made between the effects of the two com-
pounds on the growth rates of the cells in separate, but similar, ex-
periments o In each of these experiments, the effects of concentrations 
at 6000, 9000, 12,000 and 15,000 µ,g/ml were tested. Experiment H was 
designed for ethyl carbamate and Experiment I for methoxyethyl carba-
mateo Similarities and dissimilarities of the effects of the above 
dosage levels for both compounds were observed inthetwo experiments .. 
Both compounds at 6000 and 9000 µg/rnl caused similar effects of re-
tardation of the growth rates. As the dosage level increased, the 
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rates of growth of the cells decreasedo For the higher concentrations 
tested (12,000 and 15,000 µg/rnl) cells exposed to methoxyethyl carba-
mate continued to show reduced growth rateso Ethyl carbamate at dosage 
levels of 12,000 and 15,000 µg/ml showed a direct proportional relation-
ship between the concentration tested and percentage of lethalityo 
However, all concentrations of me,thoxyethyl carbamate tested in Ex-
periment I were considered sublethal. 
By comparing the results obtained in the different sets of experi-
ments (above) with reference to the dosage levels of the two compounds 
tested, it is evident that the lower concentrations tended to stimulate 
or promote the growth rates while higher dosages ,either retarded growth 
rates or were partially or wholly lethalo The data from these experi-
ments also indicate that methoxyethyl carbamate in the lower concent~a-
tions tested (30 to 3000 µg/ml) had a more stimulative effect than 
ethyl carbamate in the corresponding dosage levels .. Methoxyethyl car-
bamate in the higher concentrations tested (6000 to 15,000 µg/ml) 
caused a greater reduction in the growth rates than did ethyl carbamate 
in similar dosageso 
Numerous investigations, by other researchers, have been conducted 
on the effects of ethyl carbamate on mitotic activity and growth rates 
of various biological materials (~ vivo and in vitro).. As with the 
present research, the reports of the effects of ethyl carbamate on the 
phenomenon of growth of these biological materials can be grouped or 
categorized. Decreases and increases of the growth rates after expos-
ure to the compound have been reported •. ~thal effects brought on by 
exposure to the compound have also been reported. 
The results of the present growth rate studies tend, for the most 
part, to confirm results obtained by other investigators using differ-
ent biological systems. Bastrop-Madsen (1949) found that concentra-
tions of ethyl carbamate ranging from o.66% (6600 µg/ml)to 1.2% 
(12,000 µg/ml) caused chick fibroblast cells to decrease in mitotic 
activity. The findings of the present research tend to support the 
data of the latter researcher for both compounds in similar concentra-
tion levels (6000 - 12,000 µg/ml)o However, in the present study 
ethyl carbamate demonstrated some lethal effects on Chinese hamster 
fibroblasts at 12,000 µg/ml. Geiersbach (1939) concluded that inhibi-
tion of mitosis occurred when chick fibroblast cultures were treated 
with the compound in the 0.50,, - 0.?5% range. Patterson and Thompson 
(1949) demonstrated with chick fibroblasts that when ethyl carbamate 
was used with X-rays, the impact of the X-rays was diminished if the 
compound was added to the culture medium in a concentration of 0.1%, 
which in itself would reduce mitosis. The results obtained in the 
present research by the action of ethyl carbamate and methoxyethyl. 
carbamate at a concentration of 9000 µg/ml (the closest dosage to 0.1%) 
also retarded the rates. Morgans (1968) working with two cultured fish 
cell lines found that ethyl carbamate at Oo6% and 0.9% caused the rates 
of cell division to decrease. Lasnitski (1949) tested the effects of 
ehtyl carbamate at 0.4% (4000 µg/ml) on a number of normal mouse cell 
cultures and found that they showed a reduction of growth and a fall 
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in the number of cell divisions to approximately half of the control 
value. In the present study, the closest dosages of ethyl carbamate 
tested to the one tested by Lasnitzki were 3000 and 6000 µg/m1, which 
reduced the growth rate of Chinese hamster cells about l~ and 3~, 
respectively. Methoxyethyl carbamate at 6000 µg/ml caused about a 
59% reduction compared with its control rateo Further studies in 
which ethyl carbamate has caused a lowered, reduced mitotic, or growth 
rate were made with cats (Moeschlin and Bodmer, 1950); patients who 
suffered from chronic myeloid leukemia (Dustin, 1949); corneal cells 
of rats (Guyer and Clause, 1947 ~and£); marrow myeloid cells in 
mice (Kirchbaum and Lu, 1947); root tips of Vicia faba and Allium cepa 
(Hohl, 1947); and intestinal cells of mice (Dustin, 1947). Battle and 
Hisaoka (1952) reported retardation of growth and differentiation of 
embryonic structures of the Zebra fish with ethyl carbamate in concen-
trations ranging from 0.25% to lo25%o 
In addition to causing a decreased growth rate on various biolo-
gical materials, ethyl carbamate has been shown to have stimulatory 
effects. Lasnitzki (1949) reported that in mouse tumor cell cultures 
of C 57 sarcoma and adenocarcinoma 63, a stimulation of growth and 
mitosis to 2 to 4 times that of the untreated controls was observed. 
To parallel these observations with the findings of the present 
study for both compounds, since each stimulated growth rates in the 
lower concentrations tested, might suggest, based on growth rate 
characteristics alone, that the treated cell cultures may have been 
transformed into "tumor-like cultures." However, Harbel (1968) has 
pointed out that the most conclusive evidence for such an assumption 
of transformation would be the production of tumors on transplantation 
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of cells to immunologically compatible hosts. This aspect of the 
alterations of cell populations, however, was not pursued in the pre-
sent study. Other evidences of increased growth or mitotic rates 
after exposure to ethyl carbamate were found by Rosin (1951) in the 
bone marrow of normal mice, and Morgans (1968) in fish fibroblastic 
and epithelial cell lines. 
Lethal effects of ethyl carbamate on various biological systems 
have also been reported. Toplin (1959) tested the effects of the 
compound on human cell cultures (HeLa and others) and concluded that 
the lethal end point for the compound was greater than a dosage of 
10,QOO µ,g/ml. Globerson and Auerbach (1965) found that ethyl carbamate 
at 10,000 µ,g/ml was lethal to lymphocytes, alveolar tissue and con-
nective tissue explants after 4 days of exposure. 
Doubling Time Experiments 
The comparisons of the effects of ethyl carbamate and methoxyethyl 
carbamate on the doubling time of Chinese hamster fibroblast popula-
tions were obtained from two separate, but similar, experiments. In 
the experiment in which 300 µ,g/ml of each compound were compared, 
slight differences were noted in the amounts of time required for the 
treated populations to double for the individual doubling periods. 
However, when the means of the individual doubling times for each com-
pound were compared, no statistical significance was found. When the 
mean doubling time for each of these populations was compared with 
that of the control populations, again, no statistical significance 
was observed. Based on the data from this experiment neither compound 
at 300 µ,g/ml significantly affected the mean doubling time of the cell 
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populations. In this experiment, however, it was noted that for some 
unexplainable reason, both ethyl carbamate and methoxyethyl carbamate 
caused a decrease in the amount of time for the cell populations to 
double in the first doubling period compared with the controlo A 
possible explanation for the difference between doubling times of the 
treated and control populations within the first period, could be that 
the presence of the compounds in the media influenced the rate of up-
take of the nutritive materialsa However a valid explanation of 
these phenomena was not pursued in the present researchQ 
The data from this experiment as shown in Figure 3, tend to sup-
port the results previously mentioned in the 72-hour growth rate 
studies. This observation is based wholly on the assumption that if 
the trends of the growth curves (Figure 3) shown in 48 hours for all 
populations were extrapolated to 72 hours, the number of cells at this 
point for both of the treated populations would exceed that of the con-
trol. This extrapolated increase in the number of cells for both of 
the treated popu;Lations over the extrapolated number of cells for the 
control, would indicate stimulated growth ratesa The validity of this 
assumption would hold only if the number of cells at time O (baseline) 
and 72 hours were taken into account as was the case in the growth 
rate studieso Further, tf this extrapolation were made, it would be 
evident that the growth rate of methoxyethyl carbamate-treated cells 
would exceed those of both ethyl carbamate-treated and control cellse 
In the experiment in which the effects of 3000 µg/ml of each of 
the compounds were tested and compared, slight differences were noted 
in the times of doubling for the treated populations within the various 
periods. However, for valid comparison of the data from this experi-
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ment only two doubling times were chosen for treated and untreated 
populations. When the mean doubling time of the control populations 
was compared with the mean doubling time for each of the treated popu-
lations, no statistical difference was observedo The overall trends 
of the growth curves (Figure 4) in this experiment, like the one 
mentioned above, tend to show the same sort of results as the growth 
rate studies. The growth curve from populations of cells treated with 
metho.xyethyl carbamate at 3000 µg/ml showed an increase in the number 
of cells over the control (stimulated growth) and an increase in the 
number of times doubling occurredo !,;' I For popul·ations of cells treated 
with ethyl carbamate at the same dosage level a decrease in the number 
cells and the number of doubling times were observed. 
The Effects of Ethyl Carbamate and Metho.xyethyl Carbamate 
on the Chromosomes of Chinese Hamster Fibroblasts 
The results of this researach clearly indicate that both ethyl 
carbamate and metho.xyethyl carbamate (at 300 and 3000 µg/ml) induce 
chromosomal breaks in Chinese hamster fibroblasts after various per-
iods of exposureo Cultures treated with ethyl carbamate at 300 µ,g/ml 
had statistically significant numbers of cells with chromosome breaks 
as early as 6 hours after initial exposure. This would tend to suggest 
that the action of this compound on chromosomal breakage is relatively 
non-delayed. Further, the compound at this dosage level continued to 
. cause chromosomal breaks in statistically significant numbers of cells 
for all of the other periods of exposure (12, 24, 48 and 72 hours)e 
A~er reaching a maximum peak for the number of cells with chromosome 
breaks at 24 hours, the effects of the compound tended to decrease 
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with time (Figure 5). ·By contrast to the effects of ethyl carbamate 
at 300 µg/ml, methoxyethyl carbamate at the same concentration demon-
strated a delayed action for about 12 or more hours before it produced 
significant numbers of cells with chromosomal breaks. Statistically 
significant numbers of cells with chromosome breaks as affected by the 
compound at 300 µg/ml was first observed after 24 hours of exposure, 
then reached a maximum at 48 hours before declining after 72 hours of 
exposure. Methoxyethyl carbamate at 300 µg/ml continued to produce 
statistically significant numbers of cells with chromosome breaks for 
the latter two exposure periods after its initial delay. After 48 
hours of exposure, methoxyethyl carbamate at 300 µg/ml caused multiple 
chromosomal breaks and highly fragmented or pulverized chromosomes. 
These effects were also observed after 72 hours of exposure to the 
compound, but the frequency of their occurrence was drastically dimin-
ished. 
The delayed effects of methoxyethyl carbamate (300 µg/ml) on 
chromosome breakage might have at least two possible explanations 
although the mechanisms for these effects were not pursued in the 
present study. One possibility for the delay, at this dosage level, 
is that the compound itself could be relatively inactive on chromosome 
breakage, but might act through the production of an intermediate 
breakdown product which in itself may be more effective, but may 
require several hours before it is produced in sufficient quantity to 
cause structural chromosome damage. Another possible explanation for 
the delay, in the production of chromosomal breaks, lies in the fact 
that if the compound does not act through a breakdown metabolite, its 
effects may be cumulative. This would mean that the cells could poss-
; 
accumulate large quantities of the compound before the deleterious 
effects of chromosomes appear. 
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Ethyl carbamate at 3000 µ.g/ml, as at 300 µg/ml, caused chromosomal 
breakage in statistically significant numbers of cells with chromosome 
breaks as early as 6 hours after initial exposure. The action of the 
compound at this level was also non-delayedo Ethyl carbamate at 3000 
µ.g/ml resulted a rather consistent pattern of statistically signifi-
cant numbers of cells with breaks for the remaining periods of expos-
ure. Methoxyethyl carbamate at this dosage level also caused statisti-
cally significant numbers of cells to show chromosome breaks a~er as 
little as 6 hours of exposure. Thus its action was also non-delayed. 
The compound continued to produce significant numbers of cells with 
chromosome breaks for the remaining periods. However, a~er 48 hours 
of exposure, the compound showed its maximum effectiveness with refer-
ence to causing chromosomal breaks. 
By comparison, the effects of methoxyethyl carbamate at 300 µ.g/ml 
on chromosome breakage were considered delayed, but its effects at 
3000 µ.g/ml were non-delayed. This observation would tend, then, to 
add some supportive evidence to the second hypothesis advanced above 
with reference to the delayed effects produced by methoxyethyl carba-
mate at 300 µg/ml. Methoxyethyl carbamate at 3000 µ.g/ml, i.e .. , a 
ten-fold increase in the lev,el of concentration over methoxyethyl 
carbamate at 300 µg/ml, may have been present in sufficient strength 
initially to produce chromosomal damage without its accumulation; or 
accumulation may occur more rapidly in ~igher copcentrations in the 
medium. 
Both compounds at the two levels tested (300 and 3000 µ. g/ml) 
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showed ppecificity for the types of breaks and the kinds of chromosomes 
affected. For both compounds at each dosage level, most of the breaks 
were of the CHR type and occurred more frequently in the LM and ACRO 
chromosomes. SM chromosomes were very rarely broken by either compound 
at either concentration tested. ISO breaks were caused by both of the 
compounds and occurred more frequently in the LM chromosomes than in 
the ACRO chromosomes. No breaks of this type were found in the SM 
chromosomes. The distribution of CHR and ISO breaks seems to be re-
lated to the length of the chromosomeso The longer the chromosomes 
the greater the frequency of chromosome breaks for both of the com-
pounds and both dosage lev~lso 
The results obtained from the present study with reference to the 
effects of ethyl carbamate in causing chromosomal structural damage 
tend to support and add to the findings of other investigators. Many 
reports, by other researchers, have indicated that ethyl carbamate 
does affect the structural integrity of the chromosomes from a variety 
of biological materials (plants and animals)o As mentioned previously, 
ethyl carbamate was the first chemical shown to produce structural 
chromosomal changes (Oehlkers, 1943)e other reports have also indicat-
ed that ethyl carbamate causes structural damage to chromosomes in the 
bone marrow of mice (Rosin, 1951); Walker rat carcinoma (Green and 
Lushbaugh, 1949) (Boyland and Koller, 1954); the grasshopper Peocilo-
~ picta (Rao, 1961); Vicia faba (Deufel, 1951, 1952) and (Koller, 
1954); Oenothera (Oehlkers and Linnert, 1949); four strains of mice 
(Colnaghi, 1969); primary cultures of mouse embryo lung celll.s and cell 
lines of Chinese hamster (Pogosyants, eto alo, 1968). 
The results of the present research indicate that ethyl carbamate 
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at 300 µg/ml was effective in the production of numerical chromosomal 
aberrations. To some extent both ethyl and methoxyethyl carbamates at 
3000 µg/ml showed partial effects on numerical aberrations with the 
former compound being more effective than the lattero Methoxyethyl 
carbamate at 300 µg/ml did not cause statistically significant altera-
tions in the chromosome number of the exposed cells. 
The effects of ethyl carbamate, with reference to numerical 
aberrations, were considered non-delayed since it produced significant 
alterations in the chromosome number of the cultured cells as early as 
6 hours after initial exposure. The compound at 300 µg/ml caused 
significant alterations in the distribution of the chromosome number 
for all of the exposure periods except one (48 hours). The greatest 
alteration in the distribution of the chromosome number of the observed 
metaphases occurred by a reduction of the frequency of approximately 
"diploid" metaphases (Group II) and an increase in the frequency of 
the 11triploid and tetraploid" metaphases ( Group IV). Ethyl carbamate 
at 3000 µg/ml showed similar effects, but these were infrequently or 
less consistently observed (12 and 72 hours after initial exposure). 
Although the causes or mechanisms involved in the production of 
chromosome numerical chromosome aberrations were not pursued in this 
investigation, findings of other researchers, using ethyl carbamate, 
yield some possible clues as to the results obtained. Bastrop-Madsen 
(1949) using chick fibroblast cultures suggested that the action of 
ethyl carbamate was to reduce mitotic activity and to inhibit mitosis 
at metaphase. He did not, however, pursue the effects of the compound 
on numerical aberrations, but reported the occurrence of three types 
of abnormal metaphase. Some of the chromosomes failed to become 
attached to the equatorial plate, while in some cells the plate was 
reduced to a chromatin bunch, and further reduction in the size of 
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the plate and disappearance of the spindle occurredo Deufel (1951) 
using Vicia faba pointed out that even brief treatment with ethyl 
carbamate produced derangement of the spindle and that movement of the 
chromosomes was disturbed by damage to the centromere .. Based on these 
results, it appears that such abnormal events occurring in the process 
of cell division would tend to produce alterations in ploidy0 Further 
such events would also tend to interfere with cell division, but not 
replication of the chromosomes» and therefore would increase the fre-
quency of metaphases diverging from a normal diploid complemente 
Reversible-Temporary or Irreversible-Permanent Effects of 
Ethyl Carbamate and Methoxyethyl Carbamate 
The results of the experiment in which ethyl carbamate and methoxy-
ethyl carbamate at 300 µg/ml were tested and compared with reference to 
effects being either reversible-temporary or irreversible-permanent 
revealed numerous differences between the two compoundse In this ex-
periment three parameters of the effects of the compounds were measur-
ed; chromosome breakage, changes in chromosome number, and growth rate 
as determined by the metaphase index methodo 
With reference to chromosome breakage, both ethyl carbamate and 
methoxyethyl carbamate (at 300 µg/ml) caused the production of statis-
tically significant numbers of cells with breaks after the initial 
36-hour exposure (treatment period I)e However, there was no statisti-
cal difference between the effects of the two compounds at this time~ 
Cells which received the same treatment (within period I) were returned 
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to culture in normal medium, lacking either of the compounds, for an 
additional 36 hours (treatment period II). Analysis of the data from 
treatment period II, revealed that significant numbers of cells treated 
with ethyl carbamate (within treatment period I) continued to show 
chromosomal breaks. The same effects (within treatment period II) 
with methoxyethyl carbamate treated (period I) cells were not found. 
With reference to chromosomal breakage, the effects of ethyl carbamate 
were considered permanent-irreversible, but the effects of methoxyethyl 
carbamate were considered temporary-reversible. In other words, the 
effects of ethyl carbamate on the phenomenon of chromosomal breakage, 
were found independent of the compound's presence after an initial 
exposure. The same relationship was not true for methoxyethyl carba-
mate where the effects were dependent upon its presence. 
These results, however do not preclude the possibility that the 
permanency of the effects of ethyl carbamate on chromosome breakage 
m;i.ght be ephemeral, bu-ti tney only suggest that 36 hours after the 
cessation of treatment with the compound, the effects were still evid-
ent. Colnaghi (1969), using four strains of mice demonstrated that 
thymic tissue during exposure to ethyl carbamate showed chromosomal 
breaks, acentric fragments, and metacentric ring and unusually short 
or long chromosomes. He further reported that most of these chromoso-
mal alterations became rare by one week after the termination of ethyl 
carbamate administration and were absent 5 and 11 weeks latero 
The effects of the two compounds on chromosomal numerical aberra-
tions were also studied and compared in this experimento After the 
initial 36-hour exposure (treatment period I) only ethyl carbamate 
caused any significant divergence in the distribution of the chromosome 
number for the metaphases. As before (previous chromosome study), 
ethyl carbamate caused the distribution of the chromosome number of 
the metaphases to be significantly distorted when compared with the 
control distribution of metaphases for treatment period Io The com-
pound caused a reduction in the number of the approximately "diploid" 
metaphases (Group II) and an increase in the number of 11triploid and 
tetraploid" metaphases ( Group IV).. The effects of methoxyethyl carba-
mate on the chromosome number within treatment period I did not differ 
statistically from the controlso These results also substantiate the 
findings mentioned in the previous chromosome studyo Within treatment 
period II neither of the experimental distributions of metaphases 
(ethyl carbamate or methoxyethyl carbamate) differed statistically 
from the control distribution. However, cells treated with ethyl car-
bamate (treatment period I) still showed a somewhat distorted chromo-
some number distribution. From these data the effects of ethyl carba-
mate on altering the chromosome number of Chinese hamster fibroblasts 
were considered temporary-reversibleo Methoxyethyl carbamate was 
considered ineffective in the production of chromosomal numerical 
aberrations .. 
A comparison of the effects of ethyl carbarnate and methoxethyl 
carbamate on the growth rate of Chinese hamster fibroblasts, with data 
~ 
obtained by the metaphase index method, showed that only ethyl carba-
mate caused a significant increase in the growth rate after the initial 
36 hours of exposure (treatment period I) .. The number of cells in 
colcemid metaphase was higher for cells treated with ethyl carbamate 
than was observed for those treated either with methoxyethyl carbarnate 
or medium lacking either compound (control). Within this period, the 
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effects of methoxyethyl carbamate on the growt;.h of these cells, did not 
differ statistically from the control. Cells which received the same 
I 
treatment (within period I) were returned to culture in ttormal medium, 
without either of the compounds, for an additional 36 hours (treatment 
period II). Analysis of the data from treatment period II, revealed 
that the growth rate of neither of the populations previously treated 
with ethyl carbamate or methoxyethyl carbamate (period I) differed 
statistically from that of the control. However, the number of cells 
in colcemid metaphase, again, was higher for the cells which received 
prior treatment with ethyl carbamate (period I) than was found for the 
cells which received either methoxyethyl carbamate or control mediumo 
Based on these data, the effect of ethyl carbamate on the growth rate 
of these cells was considered ineffective with reference to the growth 
rate of the cells.as attested by the ~taphase index procedure. 
The reversible effects of ethyl carbamate on the growth rate as 
demonstrated in this experiment tend to support the findings of 
Bastrup-Madsen (1949) using chick fibroblasts. He concluded that 
ethyl carbamate appears not to cause irreversible damage to non-
dividing cells~ Further he pointed out that after 24 hours of expos-
ure to concentrations capable of inhibiting mitosis, the fibroblasts 
were able to continue their normal growth when the compound was re-
moved from the cultures. In the present research, the compound did 
not cause irreversible damage to actively dividing cells. 
CHAPTER V 
SUMMARY AND CONCLUSlONS 
The in vitro effects of ethyl carbamate and methoxyethyl carbamate 
on the growth and chromosomes of Chinese hamster fibroblasts were stud-
ied and compared. Specifically, the effects of the two compounds on 
the growth rate, doubling time, structural and numerical aberrations 
in chromosomes, and reversible-temporary or irreversible-permanent 
changes in cell populations were considered. 
For experimental work, the Don strain of the Chinese hamster lung 
was used. Cells of the strain were cultured as monolayers in McCoy's 
5a medium supplemented with lo% fetal calf serl,lffi and incubated at 37°c. 
All initial cultures were gassed with 5% co2• Stock cultures were 
routinely replenished with fresh medium every two days and transferred 
about every five days. To avoid the possibility of contaminations all 
work involving open cultures was done in a tissue culture hoode 
Growth rate data were obtained through the use of two techniques: 
enumeration of cell populations with a Coulter counter and the meta-
phase index, Chromosome (metaphase) spreads were prepared by a colce-
mid-hypotonic technique and stained with Giemsa. The metaphases were 
studied with oil immersion microscopy for structural and numerical 
aberrations. The reversible-temporary or irreversible-permanent 
effects of the two compounds were analy~ed by the use of metaphase 
indices and chromosome preparations. 
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On the basis of the 72-hour growth rate studies in which cells 
were exposed to various concentrations of ethyl carbamate or methoxy-
ethyl carbamate, the findings revealed that the effects of the two 
compounds could be grouped into categories of: stimulation or retarda-
tion of growth rates or lethal effects. Both compounds stimulated the 
growth rates at concentrations of 30 and 300 µg/ml. At 3000 µg/ml the 
effects of the two compounds differed greatly, ethyl carbamate retarded 
growth, but methoxyethyl carbamate stimulated growth. Both compounds 
at 6000 and 9000 µg/ml retarded the growth rates of these cells. The 
degree of retardation was inversely proportional to the dosage level 
of the two compounds. At 12,000 and 15,000 µg/ml, methoxyethyl carba-
mate continued to cause reduced growth rates which were inversely pro-
portional to the dosage level tested. Ethyl carbamate at these concen-
trations produced effects of a direct proportional relationship between 
the concentration tested and the percentage of lethality. Both com-
pounds at 30,000 µg/ml were found to be completely lethal to Chinese 
hamster fibroblasts. 
On the basis of the results obtained from the 72-hour growth rate 
studies it was concluded that: a) the effects of the two compounds 
were dosage dependent; both compounds stimulated growth in the lower 
concentrations and retarded growth in the higher concentrations tested; 
b) for complete lethality, dosages in excess of 15,000 µg/ml were 
needed for both compounds; c) ethyl carbamate was more toxic to these 
cells than was methoxyethyl carbamate; and d) methoxyet.hyl carbamate 
was a more effective compound than ethyl carbamate in both the stimula-
tion and retardation of growth. 
!he results of the comparisons of the effects of ethyl carbamate 
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and methoxyethyl carbamate at 300 and 3000 µg/ml on thet: doubling time 
of cell populations were obtained from two separate, but similar, 
48-hour experiments. In both experiments, slight differences were 
detected in the amounts of time required for the treated populations 
to double for the ind~vidual doubling periods. However, in each experi-
ment, when the mean doubling time for each of the experimental popula-
tions was compared with the mean doubling time for its respective con-
trol, no significant difference was foundo However, from these studies, 
results with reference to growth rates were comparable to those found 
in the 72-hour growth rate experiments previously dispussed. Based on 
the results of these experiments it was concluded that neither ethyl 
carbamate nor methoxyethyl carbamate at 300 or 3000 µ.g/ml significantly 
affected the average doubling time of these cells. 
In order to study the effects of ethyl carbamate and methoxyethyl 
carbamate at sublethal concentrations (300 and 3000 µ.g/ml) in causing 
chromosomal aberrations cells were exposed to these compounds for 6, 
12, 24, 48 and 72 hours. The results of this experiment clearly in-
dicated that both compounds at the two tested dosage levels induced 
chromosomal breaks in Chinese hamster fibroblasts. Ethyl carbamate at 
300 and 3000 ' µ.g/ml produced statistically significant numbers of 
cells with chromosomal breaks as early as 6 hours after initial expos-
ure and continued to show statistically significant effects for the 
remaining test periods. The same was true for methoxyethyl carbamate 
at 3000 µ.g/ml., Methoxyethyl carbamate at 300 µ.g/ml. did not produce 
a statistically significant number of cells with chromosomal breaks 
until after 24 hours of exposure. The compound at this dosage level, 
however, continued to produce statistically significant numbers of 
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cells with chromosome breaks for the remaining test periods. Further, 
the compound after 4$ hours of exposure produced cells with multiple 
breaks, fragmented or pulverized chromosomes. 
Both compounds at the two levels tested caused mostly CHR breaks 
which occurred more frequently in the LM and ACRO chromosomes. SM 
chromosomes were very rarely affected by either of the compounds. ISO 
breaks were caused by the action of both compounds and occurred more 
frequently in the LM chromosomes than in the ACRO chromosomes, ISO 
breaks were not found in the SM chromosomes. From the results of the 
chromosome breakage data, it was concluded that: a) the effects of 
ethyl carbamate at 300 and 3000 1,Lg/ml and methoxyethyl carbamate at 
3000 µ.g/ml were non-delayed or non-cumu1ative; b) the effects of 
methoxyethyl carbamate at 300 µ.g/ml were delayed or cumulative ; and 
c) the two levels of the compounds showed specificity for attacking 
the LM and ACRO chromosomes rather than the SM chromosomes. , 
From the data on numerical aberrations, ethyl carbamate at 300 
µ,g/ml showed the most consistent trend in altering the chromosome 
number of the cultured cells. To a lesser extent, ethyl carbamate at 
3000 µg/ml was effective in causing deviations in the distribution of 
the chromosome number of the cells. From the data on chromosome numb-
~rs, it was concluded that ethyl carbamate at 300 µ.g/ml and to a lesser 
degree at 3000 µ.g/ml altered the chromosome number of the cells by 
reducing the frequency of approximately "diploid" metaphases and in-
creasing the frequency of "triploid and tetraploid" metaphases. 
Further it was concluded that neither of the levels of methoxyethyl 
carbamate significantly or rather consistently affected the chromosome 
number of the cells. 
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The results of this experiment in which ethyl carbamate and meth-
oxyethyl carbamate at 300 µg/ml were tested and compared with reference 
to effects being either reversible-temporary or irreversible-permanent 
showed differences between the effects of the two compounds. In this 
experiment three parameters of the effects of the compounds were 
measured: chromosome breakage, chromosomal numerical aberrations and 
growth rate as determined by the metaphase index method. Cell popula-
tions were exposed to medium containing either ethyl carbamate or 
methoxyethyl carbamate for 36 hours (treatment period I) then returned 
to culture in normal medium lacking either of the compounds for 36 
additional hours (treatment period II). 
After the initial 36-hour exposure (period I) both ethyl carbamate 
and methoxyethyl carbamate caused the production of statistically sig-
nificant numbers of cells with chromosome breaks when compared.with the 
untreated control. Within treatment period I, only the effects ethyl 
carbamate significantly affected the distribution of the chromosome 
number of the cells. Methoxyethyl carbamate was ineffective in pro-
ducing numerical chromosomal changes, The effects of ethyl carbamate 
in this experiment with reference to chromosome number were a reduc-
tion in the number of the approximately "diploid" metaphases and an 
:;increase in the number of "triploid and tetraploid" metaphases. Within 
treatment period I, only cells treated with ethyl carbamate showed a 
statistically significant deviation in the number of cells in colcemid 
metaphase and the compound caused an increase in the metaphase index. 
The effects of methoxyethyl carbamate on: the growth rate as indicated 
by the metaphase index did not differ significantly from the control. 
Within treatment period II, ethyl carbamate continued to produce 
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significant numbers of cells with chromosomal breaks, but the same was 
not true for methoxyethyl carbamate. Neither of the two compounds 
significantly altered the distribution of the chromosome number of the 
cells within treatment period IIo The number of cells in colcemid 
metaphase as attested by the metaphase index data for both compounds 
was not significantly different from the controlso Therefore, it was 
concluded from the data of this experiment that the effects of ethyl 
carbarnate on chromosomal breakage were irreversible-permanent, but its 
effects on numerical aberrations and growth rates were reversible-
ternporaryo It was further concluded that the effects of methoxyethyl 
carbarnate on chromosomal breakage were dependent upon its presence and 
were thus temporary-reversible. Methoxyethyl carbarnate does not pro-
duce significant effects on altering the chromosome number of the cells 
or the metaphase index. 
Assessment of all the data collected in this research showed that 
there were certain similarities and dissimilarities between the effects 
of ethyl carbarnate and methoxyethyl carbamate on the growth and chromo-
somes of Chinese hamster fibroblasts. The use of the effects of ethyl 
carbarnate, a reported carcinogen 2:!! vivo, as a model for the in vitro 
testing of methoxyethyl carbamate (a structurally similar compound) as 
a probable carcinogen were inconclusive from the results of this in-
vestigation. It was felt that the similarities of the effects which 
existed between the two compounds were not consistent enough for a 
valid conclusion that methoxyethyl carbamate was a carcinogen. However 
methoxyethyl carbamate at 30, 300 and 3000 µg/rnl did cause statistical-
ly significant increases in the growth rates of cell populations and 
at the latter two dosage levels caused the production of statistically 
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significant numbers of cells with chromosomal breaks. Increased growth 
rates and the production of chromosomal breaks are some of the charact-
eristics often used by researchers in testing chemicals for carcinogen-
ic properties. The reported and most conclusive evidence for testing 
for carcinogenicity of compounds in an in vitro system is the injection 
of suspected "transformed" cells into immunologically computible hosts 
and the subsequent development of tumors in these animalso This 
approach, in addition to direct injections of a compound like methoxy-
ethyl carbamate into animals in testing for carcigogenic effects seems 
to be a mu.ch needed avenue for researcho Based on the comparisons made 
between the effects of the two compounds, in this study, it was con-
cluded that methoxyethyl carbamate was certainly a mu.tagenic compound, 
if not carcinogenic. However fl.1,I'ther studies for testing its possible 
carcinogenicity are needed. 
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